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What  la  required  is  an  advanced  concapt  for  alrboma  deliv- 
ary  and  application  of  narking  chemicals  that  will  provida  a  naan a 
for  narking  an any  parsonnal  ao  they  can  be  diatinguiahad  from 
friandly  individual#.  Zt  ia  alao  desired  to  track  narkad  enemy 
paraonnal.  Zt  ia  aaaunad  that  both  friandly  and  anany  groupa 
nay  ba  living  in  tha  tana  aria. 

Tha  ayatan  aha 11  ba: 

1.  Conpatible  with  tactical  and  aupport  aircraft  both 
praaant  and  progransad. 

2.  Sufficiantly  varaatila  to  parnit  da li vary  of  tha 
narking  chanical  and  subsequent  identification  of  tha  targat  at 
high  and  low  altitudaa  and  within  tha  apaad  ranga  of  tha  deliv¬ 
ery  vehicle. 

3.  Applicable  at  long  rangaa  from  high  apaad  aircraft. 

4.  Capable  of  utilising  a  narking  agent  having  a  nininun 
affective  life  of  tan  days  and  a  uaaabla  lifetine  of  thirty  days. 

5.  Suitable  for  tracking  as  wall  aa  for  identification 
of  paraonnal. 

4.  Capable  of  utilising  a  narking  agent  which  is  not  harm¬ 
ful  or  toxic  to  tha  individuals  narkad. 

7.  Imperceptible  to  tha  individuals  narkad. 


Tha  basic  concepts  of  tha  XsosMt  ayatan  con prise  narking 
individuals  with  a  phosphor  which  can  ba  excited  by  the  directed 
illumination  of  a  laser  device  contained  in  an  aircraft.  Tha 
radiation  aadtted  by  tha  laaer  as  wall  as  tha  return  light  signal 
fron  tha  phosphor  ara  both  in  tha  infrared  or  ultraviolet  region 
of  tha  spectrun  and  hence  invisible  to  tha  naked  aye. 
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The  i»*omet  concept  is  a  double  marking  technique.  Each 
individual  in  a  village  ia  covertly  marked  with  a  phosphor  which, 
is  characteristic  tor  tho  village  and  indicates  his  origin.  This 
marking  will  be  referred  to  as  'sector"  marking.  An  individual 
seen  visually  from  the  air  can  be  marked  with  a  chemical  agent  by 
a  dissemination  device  or  munition  from  the  aircraft.  If  the  in¬ 
dividual  already  has  sector  marking,  the  detection  equipment  in 
the  aircraft  will  automatically  locate  him  and  indicate  his  posi¬ 
tion  on  a  read-out  device.  He  then  can  be  marked  again  with  a 
different  phosphor  emitting  at  another  wavelength.  A  sector  mar¬ 
ked  individual  would  thus  receive  an  additional  "point*  marking 
and  would  therefore  be  doubly  marked.  An  individual  who  is  not 
sector  marked  would  receive  only  a  point  marking.  The  8PM  system 
offers  the  following  advantages: 

1.  People  living  in  countries  such  as  Vietnam  normally 
do  not  move  far  from  their  villages  during  their  usual  living 
routine.  It  is,  therefore,  reasonable  to  expect  that  a  sector 
marked  individual  seen  a  great  distance  from  his  village  is  en¬ 
gaged  in  an  unusual  activity  and  is  hence  suspect.  The  charac¬ 
teristic  emission  of  the  sector  marking  agent  insediately  indi¬ 
cates  his  origin. 

2.  A  close  range  covert  observation  station  in  each  vill¬ 
age  can  be  used  to  ascertain  whether  individuals  from  another 
village,  already  marked  in  their  village,  have  entered.  Thus  the 
sectsr  marking  enables  local  surveillance  of  the  population  for 
infiltration  elements. 

3.  Sector  marking  can  be  applied  under  more  controlled 
conditions  than  point  marking  and  can,  therefore,  be  made  awre 
adherent  and  longer  lasting. 

4.  Emission  from  ssctor  marking  is  in  general  more  desir¬ 
able  in  the  part  of  the  spectrum  invisible  to  the  naked  eye  but 
easily  detectable  by  ultraviolet  or  infrared  detectors.  This  en¬ 
ables  sensitive  detection  of  sector  marked  individuals  from  the 
air  by  automatic  equipment,  and  does  not  require  visual  observa¬ 
tion  by  the  pilot. 

5.  A  doubly  marked  individual  does  not  need  to  be  tracked, 
but  can  be  at  once  identified  when  passing  through  a  check-point. 
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•inc«  his  village  or  origin  is  known  and  the  point  marking  indi¬ 
cates  that  ha  haa  been  in  an  area  remote  from  his  village. 

Z.3. 3 _ taatm.  aaaaslBXisaBk, 

The  marking  agent  is  a  phosphor,  preferably  of  one  of  the 
following  types:  Infrared  excited  and  infrared  emitting;  ultra¬ 
violet  excited  and  ultraviolet  emitting;  or  ultraviolet  excited 
and  infrared  emitting.  A  phosphor  of  any  of  these  types  would 
not  be  visible  to  the  individual  marked,  nor  would  the  exciting 
source  used  for  detection  be  visible. 

The  exciting  source  consists  of  a  short-duration  high 
peak  power  output  laser  pulse  of  a  wavelength  suitable  for  excita¬ 
tion  of  the  phosphor.  As  shown  in  Figure  1,  the  aircraft  at  an 
altitude,  X,  exits  a  laser  pulse  having  a  radiation  pattern  of 
angular  width,  0,  in  the  direction  perpendicular  to  the  line  of 
flight  and,  •,  in  the  direction  parallel  to  the  line  of  flight. 

An  eadtting  source  within  the  field  of  view  is  excited  by  the 
laser  source  and  re-emita  a  characteristic  radiation.  The  detec¬ 
tion  optics,  in  the  aircraft,  has  the  same  field  of  view  as  the 
laser  source.  Zt  collects  the  signal  and  transfera  it  to  the 
detection  and  correlation  electronics.  The  latter  produces  a 
read-out  which  indicates  the  location  of  the  individual  who  can 
then  be  point  marked. 
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3j _ axaum  mucaia 

The  weapone  iyit«  conaiata  of  three  basic  unite!  tha 
traaamitter ,  tha  phoaphor  eample  and  tha  optical  receiver.  Thia 
analyaia  la  a  darivation  of  tha  ralatlonahipa  for  aach  aubayataat 
and  for  tha  overall  ay at am. 

Tha  raaulta  of  tha  analyaia  ara  axpraaaad  in  terma  of 
tha  maximum  o  para  ting  ranga  and  tha  maximum  aircraft  velocity  to 
altitude  ratio  ( V/B )  at  which  tha  ayatem  can  be  operated. 

lU-  QDTil  lfl/frl  Anilyali 

Tha  racaivar  will  be  a  photometer  capable  cf  reaponding 
to  tha  amiaaion  spectrum  and  only  tha  amission  spectrin  of  tha 
taatad  phoaphra.  Tha  photoawtar  time  constant,  T,  will  be  deter¬ 
mined  by  tha  detector  circuitry.  Tha  field  of  view  of  tha  racaivar 
optica  will  be  determined  by  tha  radiation  pattern  of  the  trans¬ 
mitter. 


1.1.1  atonal  Laval 


Tha  inviaible  radiation  emit tad  by  tha  phoaphor  incident 
on  tha  clear  optical  apertura  of  tha  photoawtar  la  tha  aignal 
power.  Zf  tha  total  phoaphor  area,  A_,  in  tha  flald  of  view  haa 

»p,  than  tr 

.  _  Oo2*^ 

1  -  ■  ■- g  g  (watts) 


detectable  brightness,  than  tha* aignal  level,  S,  will  be: 


(1) 


Where  ft  -  Manga 

and  D0  -  clear  apertura  of  tha  photoawtar. 


Tha  phoaphor  area  haa  bean  illuminated  by  tha  transmitter 
aource  which  uniformly  radlataa  ita  output  power  over  a  rectangular 
flald  of  diawnaion  •*  by  Tha  aurfaca  brightnaaa  Up,  after  con- 

varaion  in  tha  phoaphor  with  an  afflciancy  will  be, 

m  a  -  *l<*-*> 

*  1  WP  jjjjj -  (watta/cm3) 

where  P.P  -  excitation  energy  (watta) 

■ubatituting  equation  (2)  into  aquation  (1)  will  yiald, 
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(3,  «  .  ^(f-rtnA,  . 


'  -W - 11  <«*«•» 

Equation  3  gives  tha  signal  power  detected  by  tha  pho co¬ 


lt  ia  assumed  that  tha  ayatam  can  ba  made  datactor  noiaa 
limited  with  praaant  atata  of  tha  art  techniques.  Therefore  for 
thia  analyaia  detector  noise  ia  assumed  to  ba  tha  limiting  factor 
in  tha  photometer.  Tha  electrical  noiaa  output  of  the  detector 
can  b#  converted  by  its  responsivity  to  an  equivalent  noiaa  input 
power,  commonly  called  tha  noise  equivalent  power,  HEP.  since  tha 
optical  system  ia  for  all  intensive  purposes  lossless,  the  detector 
HEP  will  be  equal  to  the  noise  equivalent  power  at  the  photometer 
entrance  aperture. 

The  HEP  of  a  circular  datactor  is  determined  by  the  de¬ 
tector  sine ,  the  time  constant  of  the  detector  preamplifier 
assembly,  ,  and  a  constant  for  the  detector  material,  the  detecti¬ 
vity  (D*) .  Thti  relationship  for  HEP  is, 

<4)  "*  n&w  <-«•> 

The  minimum  detector  diameter,  Dd,  is  determined  by  the  photo¬ 
meter  optica,  a  layout  of  which  is  shown  in  figure  2. 

This  analytical  photometer  consists  of  an  objective  lens, 
a  field  lens  and  a  data- tor.  The  objective  lena  forms  an  image 
in  the  plane  of  the  field  lens  of  all  objects  in  the  field  of 
view.  The  field  lena  is  designed  to  image  the  objective  lens 
onto  the  detector  surface.  Since  the  objective  surface  is  illu¬ 
minated  uniformly,  its  image  will  also  be  uniform.  The  minimum 
detector  ^iameter,  Dd ,  is  the  diameter  of  the  image  of  tne  entrance 
pupil,  0o  ,  and  is 

(5)  Dd  -  Do'  -  Do  £*. 

*o 

where  ff  -  focal  length  of  field  lens 

to  “  focal  length  of  objective  lens 
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If  the  dsts-ctor  ia  ana  liar,  thara  will  ba  a  reduction  of  signal 
laval,  ainca  tha  antira  claar  apartura  ia  not  used. 

The  maximum  angular  width  of  tha  fiald  of  viaw,  if/  , 
datarminaa  tha  diamatar  of  tha  fiald  lana  Df, 

(6)  Df  .  2fetan  (  p/2) 

To  aimplify  aguation  6,  wa  may  uaa  tha  fact  that  tha  tan- 
gant  of  a  assail  angla  can  ba  approximatad  by  tha  angla  (axpraaaad 
in  radiana).  Since  tha  fiald  of  viaw  in  a  practical  aituation 
will  ba  laaa  than  a  dagraa  wida,  tha  approximation  holds  and, 

(7)  Df  •  t0p 

Multiplying  aquation  (5)  by  Df/Df  -  1  yialds 

(8)  Pd  ■  Do  ff  Pf 

Df  tQ 

Using  aquation  (7)  and  tha  fact  that  ff/bf  ia  tha  f-number 
for  tha  fiald  lana  (f#)  tha  minimum  datactor  diamatar  ia  found  to 
ba, 

(9)  Da  -  Dof# p 

Tha  noiaa  aquivalant  power  can  now  ba  axpraaaad  aa  a 
function  of  ayatam  paramatars  by  aubstitut-tng  equation  (9)  into 
aquation  (4)  with  the  result, 

<io>  ■“  -  bm. _ 

2  VT  dVT 

where  \f/  is  related  to  ®  and  by  tha  trigometric  aquation  for  tha 
diagonal  of  a  rectanqle, 

(id  p  •  (•*  *  «^I  1/2 

3.1.3  Spurious  Background  Signals 

Spurious  background  signals  can  ba  generated  by  background 
brightness  due  to  solar  illumination  and  by  background  fluores¬ 
cence  in  response  to  tha  transmitter  illumination.  Tha  power 

SECRET 
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incident  on  the  photometer  eperture  due  to  solar  radiation,  B»olar# 
can  be  represented  by, 

(12)  *»olar  ■  PQ2**  /  *  _ 

— - —  J  (raw  D)dX 

\ 

vn«re  VSB7D  ia  the  noiae  equivalent  background  power  density  for 
the  systeai  bandwidth,  per  unit  wavelength  and  unit  area  on  the 
ground.  The  noise  equivalent  power  due  to  a  re-e*iasion  with 
efficiency,  *2,  by  the  background  after  stimulation  by  tho  system 
radiation  source,  will  be  of  the  ease  fora  as  that  for  \.he  signal 
power. 

tf  the  area  of  the  background  phosphor  is  equated  to 
sosm  portion,  OC  ,  of  the  entire  field  of  view,  equation  (3) 
becomes , 

(13)  -  KaP.OPo 2OC  (*.tt.) 

"T? 

The  total  effective  noise,  *7,  in  th*  fi«l«*  i*  aqual  to 
the  square  root  of  the  aua  of  the  square  of  all  three  independent 
random  noise  sources  and  ia  found  by  combining  equations  10,  12, 
and  13  such  that, 

,  ,  ,  1/2 

(14)  a,  -  [(HP)2  +  (».olar>2  ♦O’back)2) 

The  largest  and  the  only  significant  noise  source  anti¬ 
cipated  for  the  systeai  will  be  the  detector.  The  range  and  the 
signal  to  noise  ratio  will  therefore  be  determined  in  this  text 
by  using  the  noise  equivalent  power  from  the  detector  as  given 
in  equation  (10).  The  spurious  background  levels,  if  observable, 
will  be  measured  during  the  feasibility  tests. 

i.i. a  8v.te  Signal  to  Moles 

The  system  will  detect  a  signal,  a,  with  a  signal  to 
noise  ratio,  B/K,  determined  by  taking  the  ratio  of  equations 
(3)  and  (10),  and  substituting  (11),  yielding  the  general  rela¬ 
tionship, 

(15)  B/K  -  Ki(».P)D0V)MT]  1/2 

2  f 
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equation  (15)  is  valid  aa  long  aa  the  numbers  substitute 
for  th*  system  parameters  do  not  ganarata  requirements  that  ara 
bayond  tha  state-of-the-art. 

Tha  weapons  system  mush  check  all  araaa  in  its  saarch  path 
for  marked  objacta.  Tha  forward  ground  dimension  of  tha  beam  ia 
tha  product  of  tha  forward  systaa  angle,  9,  and  tha  altitude,  H. 
Tha  time  between  laser  pulsar,  t,  ia  tha  tima  between  instanta 
of  terrain  interrogation.  If  this  tine  invarval  is  Bade  too 
long,  there  will  be  a  section  of  terrain  which  cannot  bo.  examined. 
Tha  angla,  tha  altituda,  spaed  and  tima  interval  ara  related  by 
the  average  number  of  times,  M,  that  each  area  in  a  saarch  swath 
is  checked  as, 

"  -  *a 

Vt 

Whan  N  is  greater  than  one,  all  areas  in  a  swath  ara 
covered  at  least  ones.  Rearranging  terms  and  letting  Mai, 
tha  maximum  value  of  IvAl)  may  be  derived  as 

(16)  (V/H)^  -  •  (sac-1) 

t 

Mote  that  once  tha  forward  radiation  angla  and  tha  tima 
between  pulses  are  sat,  tha  maximum  value  of  V/fe  is  determined 
independent  of  other  system  parameters. 


j.j  Mnat  lauRUon 


The  prototype  shall  be  operable  as  long  as  tha  eignal 
to  noise  ratio,  aAl ,  is  as  high  as  required  for  reliable  detec¬ 
tion.  In  section  3.1.4,  a  relationship  between  8 At  and  range 
wee  established,  equation  15.  Transposing  terms  and  solving  for 
range  gives  the  maximum  range.  Rat*, 


(17) 


K1(P.P)D0ApD* 
v/Z  f#(  9/9)90  p 


(T)  1/2 


a 

a 


1/4 


Equation  1?  shows  that  the  system  celling,  11^,,  is  a 
function  of  the  fourth  root  of  most  system  constants  and  of  the 
eighth  root  of  the  overall  system  time  constant.  This  is  most 
nignif leant  in  that  if  any  one  system  parameter  is  degraded  by 
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as  such  a*  a  factor  of  sixteen,  tha  calling  ia  raducad  by  only  a 
factor  of  two .  This  typa  of  ayatam  la  moat  dependable, 

Tha  width  of  the  aearch  awath  of  terrain,  w,  will  be  a 
function  only  of  tha  angular  baam  width,  tf,  and  tha  range,  R,  in 
that, 

(18)  W  -  R  flf 


Tha  max! aura  ranga  and  tha  width  of  tha  aaarch  awath  ahall 
ba  datarminad  by  tha  weapons  ayatam  parameters. 


Tha  following  characteristics  of  a  phoaphor  marking  agent 
are  daairablat 


1.  Hon-visible  excitation  and  emission. 

2.  Strong  absorption  for  praaantly  known  laaar 
emission  wavalangtha. 

3.  Absorption  and  aniaaion  paaka  within  windows 
in  tha  atmosphere. 

4.  Short  dacay  constant  (  10”6  sac.) 

5.  High  radiant  afficiancy  (watts  amittad  light  out/ 
watts  laaar  radiation  in) . 

6.  stability  to  watar  and  tha  atnoaphara. 

7.  non-toxic  to  humans. 

8.  Meutral  or  non-obtrusive  color. 

9.  Inexpensive. 


!*<»)»■ 


Since  it  ia  desired  that  tha  narking  and  detection  ayatam 
ba  covert,  tha  excitation  source  and  the  phosphor  naission  should 
be  in  tha  ultraviolet  or  tha  infrared.  Thera  are,  therefore,  but 
three  basic  phosphor  typa a  to  ba  considered!  ultraviolet  excited 
and  ultraviolet  emitting;  ultraviolet  excited  and  infrared  eadtting; 
and  infrared  excited  and  infrarad  emitting. 

Tha  ultraviolet  excited  phosphors  require  an  ultraviolet 
laser.  Tha  only  high  intensity  ultraviolet  laser  now  available  ia 


I 


Wavelength  (microns) 


SECRET 

on*  that  depends  upon  aacond  harmonic  generation.  A  aacond  har¬ 
monic  of  a  ruby  laaar  would  yiald  a  3472A  source,  which  ia  satia- 
factory  for  axciting  many  phoaphora.  Frequency  doubling,  howavar, 
antaila  a  conaidarabla  loaa  of  anargy.  Tha  highaat  reported  effi¬ 
ciency  of  convaraion  of  ruby  baing  of  tha  order  of  20%. 

On  tha  othar  hand  CaW04  (Nd3+)  and  naodymi  m  dopad  glaaa 
ara  mora  efficient  laaara  than  ruby  and  if  used  dl.ectly  aa  infra¬ 
rad  sources  eliminate  the  anargy  loaa  that  muat  ba  takan  if  tha 
ruby  wavelength  ia  doubled.  It  ia,  therefore,  highly  deeirable 
to  uaa  I* -IS  phoaphora  from  an  anargy  requirements  point  of  view. 

Conaidar  tha  caaa  of  a  phoaphor  that  ia  axcitad  by  3500A 
radiation,  and  emita  8000A  light  with  u  quantum  afficiancy  of  100%. 
Tha  8000A  wavelength  ia  choaan  becauae  it  liaa  juat  out aide  tha 
long  wavelength  edge  of  tha  apectrum  viaibla  to  tha  aya.  Tha 
energy  of  an  emitted  800QA  photon  ia  only  44%  that  of  an  incident 
3S0QA  photon,  ao  that  tha  highaat  poaaible  radiant  afficiancy 
can  only  ba  44%.  Zf  tha  axciting  wavelength  ia  250QA  tha  maximum 
radiant  afficiancy  dxopa  to  30%.  However,  if  a  phoaphor  ia  axcitad 
by  1.06  micron  radiation  and  enita  at  1.2  microna  tha  maximum 
radiant  afficiancy  ia  88%.  The  XR-IR  ayatem  haa  an  important  po¬ 
tential  advantage,  therefore,  from  a  radiant  afficiancy  atandpoint. 

Since  tha  transmitter  and  receiver  are  airborne,  tha  axci- 
taticn  and  emiaaion  wavalangtha  ahould  fall  within  windowa  in  tha 
atmoaphere.  Figure  3  ahowc  tha  tranamiaaion  of  tha  atmosphere 
from  tha  viaibla  to  14  microna  in  tha  infrared.  Tha  neodymium 
laaar  wavelength  of  1.06  micron*  t«  *»en  to  be  satisfactory. 
Phoaphor  emiaaion  at  wavalangtha  from  1.1  to  1.3  microna,  from  1.5 
to  1.75  microns,  from  2.1  to  2.5  micrcns  and  from  3.0  to  4.1  mi¬ 
crons  will  have  good  atxaosfhere  tranamiaaion. 

3.4.3  Btate-of-tha-Art  of  Infrarad  Emitting  Phoaphora 

Li .  3  JL  .  iflUgdttCtiPU 

Most  of  tha  phoaphor  research  in  tha  past  has  bean  direc¬ 
ted  towards  producing  visible  light,  ainca  this  spectral  region 
haa  tha  greatest  practical  interest.  Tha  literature  on  infrarad 
emitting  phosphors,  in  general,  is  vary  sparse,  and  negligible  on 
infrarad  emitting  phosphors  excited  by  infrarad  radiation.  A 
careful  search  of  tha  literature  failed  to  produce  a  single  refer¬ 
ence  that  treated  the  case  ^^a^lnf|pred  emitting  phoaphor  exci- 

lU 


I 


SECRET 

ted  by  a  narrow  bandwidth  infrarad  source,  auch  aa  would  ba  pro- 
ducad  by  a  naodysd.ua  laaar. 

According  to  Buillot  and  Guintine^  prior  to  1950  only 
two  articlas  appaar  in  the  litaratura  on  infrared  emitting  phos¬ 
phors.  One  article  by  Pauli (2)  mentions  that  SrS(Hi)  and  CaS(Hi) 
emit  in  the  infrared.  The  next  article  appeared  in  1946  and 
mentioned  Cu20  as  an  infrared  emitter.  Very  little  is  mentioned 
in  the  standard  phosphor  texts  on  infrared  emitting  phosphors. 
Leverenal3'  seems  to  ignore  infrared  emission  even  when  it  is 
evident  such  as  in  red  emitting  phosphors  that  peak  in  the  infra¬ 
red.  KrogerC4)  considers  infrared  emission  but  at  the  time  his 
book  was  published  there  was  very  little  in  the  literature  to 
report . 

Less  than  twelve  articles  published  since  1950  have  been 
found  that  discuss  infrared  phosphors.  Two  review  articles  by 
G.P.J.  Gar lick l5 >6) ,  one  in  1954  and  the  other  in  1958,  treat 
..nfrared  phosphors.  The  latest  article  on  infrared  phosphors 
by  Bril^7'  appeared  in  1962. 

The  infrared  phosphors  found  in  the  literature  were  mainly 
limited  to  divalent  ion  crystals.  In  fact,  most  of  the  pnosphors 
reported  contained  Zn,  Cd  or  Hg  combined  with  S,  Se  or  Te,  forming 
the  following  series: 


ZnS 

ZnSe 

ZnTe 

CdS 

CdSe 

CdTe 

HgS 

HgSe 

HgTe 

1.  E.  Guillot  and  P.  Guintini ,  Acad.  Sci. -Paris  236 .802  (1953) 

2.  W.  B.  Pauli,  Ann.  Phys  (4th  Series)  ifL,  750  (1911) 

3.  H.  W.  Leverens,  “An  Introduction  to  Luminescence  in  Solids*' 

(John  Wiley  &  Sons,  Inc.,  Hew  York,  1950). 

4.  P.  A.  Kroger  "Some  Aspects  of  the  Luminescence  of  Solids" 
(Elsevier  Pub.  Co.,  Hew  York,  1948). 

5.  G.  P.  J.  Garlick  and  R.  A.  Fatehally  "Solid  State  Physics  in 
Electronics  and  Telecommunications"  (Acadastic  Press,  London, 
1960)  Voi.  4,  Part  2,  p.  741-50. 

6.  G.  F.  J.  Garlick  and  M.  J.  Dumbleton,  Proc.  Phys.  Soc.  (London) 
67B .  442  (1954). 

7.  H.  P.  Kallmann  and  G.  Spruch,  "Luminescence  of  Organic  and  In¬ 
organic  Materials" (John  Wiley  &  Sons,  Inc.  Hew  York,  1962)p.  479 
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The  only  phosphors  reported  were  ZnO,  CujO  end  PbS'5>'  1  , 
eleo  the  halogens  at  temperatures  below  180°X  and  SrS(Hi)  and  Cas 
(Hi)  which  have  already  been  mentioned  above. 


1.4. 3. 2  The  Xl-VI  Phosphors 

The  chalcogenides  of  Zn,Cd  and  Hg  when  pure  or  activated 
with  Cu,  Ag  or  Au  give'8’9'10'  certain  characteristic  emission 
peaks  in  their  luminescent  spectra.  The  series  of  peaks  of  each 
compound  is  similar  to  that  of  the  other  one*  and  the  peaks  move 
to  longer  wavelength  with  increasing  weight  of  the  lattice  atoms. 


ZnS  has  two  well  known  emission  peaks  in  the  visible  region 
-  the  blue  peak  at  460  microns  and  the  green  peak  at  535  microns. 
The  corresponding  peaks  for  a  number  of  other  members  of  the  series 
lie  in  the  infrared  (0.8  and  1.0  microns  for  CdS,  0.92  and  1.2  mi¬ 
crons  for  CdSe) .  ZnS  when  prepared  in  a  certain  way  gives  a  red 
emission  at  0.67  microns.  Browne  correlates  the  observed  BgS 
emission  at  2  microns  to  this  red  ZnS  emission.  Browne  has  also 
found  that  &>S  has  amission  peaks  in  the  infrared  region  at  1.48 
microns  and  1.70  microns  and  that  the  corresponding  CdS  peaks  are 
at  1.63  microns  and  1.85  microns.  He  concludes  that  the  blue, 
green  and  the  infrared  emission  of  ZnS  and  the  corresponding  CdS 
emission  arise  from  one  type  of  fluorescent  center;  namely  a 
cation  vacancy  in  the  crystal  lattice  that  may  be  empty  or  may 
contain  a  monovalent  ion  such  as  Cu,  Ag  or  Au.  The  emission  is 
characteristic  of  the  lattice  aniona  (S)  and  hot  of  the  activators. 
He  also  concludes  that  the  red  ZnS  emission  is  due  to  an  anion 
vacancy. 


Browne's  studies  of  ZnS  and  CdS  showed  that  the  anion  co- 
activators  (Cl)  have  a  large  effect  on  the  efficiency  and  tempera¬ 
ture  dependence  of  the  emissions.  He  divided  the  phosphors  into 
two  classes!  (1)  those  phosphors  that  can  be  stimulated  by  infra¬ 
red  only,  and  (2)  those  that  need  both  ultraviolet  and  infrared 
stimulation.  Some  Class  1  phosphors  also  have  their  emission  en¬ 
hanced  by  ultraviolet  stimulation.  The  infrared  emission  of  the 
Class  2  phosphors  that  were  studied  is  rather  poor  at  room  temper¬ 
ature  (estimated  to  be  10%  or  less  of  the  quantum  yield  at  low 


8.  P.  P.  Browne,  J.  Electronics  2.,  95  (1956). 

9.  Ibid,  1,  1  (1956) 

10.  Ibid,  1,  154  (1956) 
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tamperaturea) .  However,  the  Claaa  1  phoaphora  that  ahow  no  ultra- 
violat  atimulation  ahow  much  battar  emiaaion  at  room  temperature 
(«a  high  aa  80%  of  low  temperature  emiaaion) .  Thaaa  phoaphora 
giva  vary  littla  viaibla  emiaaion  and  ara  characteriaed  by  baing 
relatively  free  of  coactivator  (Cl)  and  hava  vary  littla  activator. 
Brovna  has  alao  ahown  that  haating  tha  ZnS  and  CdS  phoaphora  in  dif¬ 
ferent  atmoapheree  can  vary  atrongly  affact  thair  actiaaion  propartiaa. 

3. 4. 3. 3  Vanadium  and  Cobalt  Activatora.  Indium  aa  a  Co- 

_ usisMsax, _ - . _ 


* 


Brill,  Avinor  and  coworkerB^'11 hava  alao  carriad  out 
racant  work  on  CdS  and  CdSa  activated  with  Cu,  Ag,  and  Au  and  co- 
activatad  with  In,  a  group  ZIX-A  element.  They  atimulatad  infra¬ 
red  emiaaion  with  ultraviolet  and  viaibla  light  from  a  high  praaaura 
mercury  lamp.  Coactivation  waa  found  to  incraaaa  the  efficiency  of 
emiaaion,  and  implied  that  thia  incraaaa  can  be  obtained  in  varying 
cagreea  with  other  tri valent  iona  (ZIZ-A  elements  auch  aa  B,  oa,  In, 
Tl,  Al) . 

Thia  group  alao  atudiaa  vanadium  doped  CdS,  CdSa,  ZnS,  and 
ZnSa,  containing  Cu,  Ag  or  Au  and  found  that  tha  vanadiuai  guanchad 
tha  uaual  emissions  but  produced  an  emiaaion  peak  at  about  2.0  mi¬ 
cron  a .  Thaaa  phoaphora  ahowad  excitation  peaka  at  0.75  microna  and 

I. 0  microna  and  ara  thua  infrared  atimulabla.  Garlick'5'6'  reported 
that  cobalt  doped  ZnS  ahowa  only  infrared  emiaaion  at  3.3  microna. 

ldLLi _ kvainsscsnst,  MscJmuUbm 

Zf  wa  conaidar  tha  aimple  energy  band  modal  ahown  in  Fig¬ 
ure  4  it  ia  aaan  that  tha  following  typee  of  radiative  electronic 
tranaitiona  can  axiat  following  excitation: 

1.  Tranaitiona  within  the  emiaaion  canter. 

2.  Tranaitiona  from  the  conduction  band  to  empty  center. 

II.  M.  Avinor  and  G.  Mai  jar,  J.  Cham.  Fhya.  11,1456  (1960). 

12.  H.  J.  Schula,  Fhya.  Stan.  Sol.  3,465  (1967). 

13.  M.  Avinor  and  G.  Mai  jar,  J.  Fhya.  Cham.  Solida  11,211  (1960). 

14.  G.  Mai  jar  and  M.  Avinor,  Fhilipe  Baa.  Bapta.  IS.,225  (1960). 
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3.  Transitions  from  amission  cantor  to  empty  atstos  or 
positive  hols  in  tha  valanca  band. 

4.  Transitions  into  or  confined  to  alactron  trapping 

atataa. 

Xt  is  quits  difficult  in  any  phosphor  to  assign  tha  proper 
transition  or  to  dafina  tha  axact  natura  of  tha  omitting  cantors. 

Lot  us  considar  a  faw  of  tha  infrarad  phosphors  that  hava  boon 
studied. 

In  addition  to  tha  wall-known  visibla  amission  of  sine 
sulfide  and  tha  corrasponding  near  lnfrarad  emission  of  cadmium 
sulfide,  additional  bands  in  the  infrared  have  been  found  for  these  i 
phosphors.  The  excitation  spectra  for  these  bands  eoincida  with 
tha  quenching  spectra  of  tha  visibla  (ZnS)  or  near  visible  (CdS) 
emission  of  the  phosphors.  This  fact,  along  with  other  spectral 
data,  indicate  rather  conclusively  that  those  infrared  bands  are 
associated  with  transitions  between  tha  ground  states  of  the  nor¬ 
mal  emission  canters  and  between  those  and  tha  valanca  bands. 

Tha  emission  canters  giving  tha  blue  and  groan  bands  of  BiS,  or 
tha  corrasponding  bands  in  CdS  (0.74  and  1.0  microns)  are  almost 
certainly  due  to  electrons  in  or  around  cation  vacancies  in  the 
crystal  lattice.  The  levels  of  the  canter  are  due  to  tha  perturbed 
levels  of  the  covalent  bands  of  tha  surrounding  sulfur  atom  which 
originally  lay  in  tha  valence  band. 

.  fipaclmisai 

A  careful  search  of  the  technical  literature  revealed  that 
there  is  a  dearth  of  information  on  infrared  emitting  phosphors. 

Some  recent  work  las  provided  a  small  list  of  promising  materials 
to  be  investigated.  This  list  can  be  used  as  a  guide  to  the  prep¬ 
aration  of  infrared  stimulable  and  lnfrarad  omitting  phosphors. 

The  following  factors  must  be  considered  in  the  preparation  of  ex¬ 
perimental  phosphors:  purity  of  starting  materials,  flux,  tempera¬ 
ture  of  preparation,  firing  atmosphere,  particle  else,  type  and 
concentration  of  activator  and  coactivator.  The  experimental  work 
must  be  very  careful  since  small  changes  in  any  of  the  above  fac¬ 
tors  can  produce  dzsstic  effects  on  the  luminescence . 

Some  phosphor  systems  briefly  mentioned  in  the  literature 
but  not  studied,  offer  some  promise  and  should  be  investigated. 
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±L _ Sg-JRIMmTAL  fROGRAM 

Ths  pravioua  saetion  haa  shown  that  if  cartain  raquiramanta 
ara  satisfied  by  tha  light  sourca  (transmitter)  ,  tha  target  (phos¬ 
phor)  and  tha  photomatar  (racalvar) ,  tha  system  ia  a  faaaibla  ona. 

Thia  aaction  dascribaa  tha  experimental  affort  which  has 
baan  made  to  determine  tha  valuas  of  tha  aubayataa  parameters. 

Tha  axpariaantal  data  show  that  tha  performance  required  of  tha 
subsyatana  can  ba  achiavad. 


4.1  Lasers 

Tha  requirements  of  tha  lasar  axcitation  sourca  ara  high 
paak  powar ,  high  pulaa  rapatition  rata,  minimum  input  powar  and 
minimum  aixa  and  waight.  It  ia,  tharofora,  mandatory  that  tha 
la jar  aystam  ba  aa  afficiant  aa  poaaibla;  thia  will  raduca  input 
powar,  mini mis a  cooling,  raduca  waight  and  parmit  high  rapatition 
ratas.  Tha  following  sactiona  daacriba  tha  qualitative  and  quan- 
titativa  affort  to  obtain  raliabla  atata  of  tha  art  data  on  effi- 
ciancy.  Thia  work  haa  also  providad  guidalinas  for  aignificant 
improvamanta  in  afficiancy. 


4.1.1  Experimental  Arrangement  for  Obtaining  Thraahold  and 

_ _ _  .lxoiay,,J?,t.u _ 


Thraahold  anargy  was  maaaurad  by  sampling  tha  lasar  beam 
with  a  photomultipliar  whoaa  output  was  obaarvsd  by  a  Taktronix 
555  oscilloscopa  and  photographed.  Thraahold  was  takan  aa  that 
anargy  laval  for  which  a  aingla  pulaa  of  lasar  light  was  datect- 
abla.  Tha  photomultipliar  was  shialdad  from  tha  lamp  right  by 
usa  of  suitabla  filtars.  For  ruby  a  Mo.  92  filtar  and  tha 
nacsssary  nautral  dansity  filtara  wars  uaad.  For  Md  dopad  glaaa 
and  CaW04  a  ailicon  filtar  was  uaad. 


Energy  maasuramants  wars  aada  by  firing  tha  lasar  baaa 
into  a  calorimatar.  Flgura  5  ia  a  photograph  of  tha  axpariaantal 
aat  up.  This  calorimatcr  consists  of  two  graphita  cups  sacn 
coatad  with  finaly  dividad  carbon.  Tharmistor  baads  ara  locatad 
on  tha  outsida  of  tha  cup  to  measure  tha  taaparaturs  rlsa  due  to 
absorption  of  tha  lasar  baam  antaring  ona  cup;  tha  othsr  cup 
rarvas  aa  dummy  in  tha  standard  tharmistor  brldga  circuit  and 
cancala  nut  fluctuations  dus  to  amblant  tamparaturs.  Tha  output 


is  fad  into  a  d.c.  amplifia 


A^jfordar. 


Tha  cups  ara  ca li¬ 


ar. 


I 

i 

j 


t 

t 
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bratad  by  putting  a  pulaa  of  known  anargy  through  tha  plat i mm 
haating  wiras  wrappad  around  t*>*  cup#,  Tha  circuit  diagram  ia 
shown  in  f igura  6 . 

4.1.2  FT-524  Halical  flash  Tuba  Cavity 

Initial  measurements  vara  mad#  with  a  halical  flash  tuba 
surroundad  by  a  cylindrical  raflactor.  Tha  arrangemsnt  consista 
of  an  FT-524  halical  flash  tuba,  and  a  raflactor  of  lightly  packed 
c.p.  grads  magnesium  ox id#  batwaan  an  aluminum  outar  shall  and  tha 
fused  quarts  cylindar  surrounding  tha  flash  tuba. 

4.1.3  Threshold  and  Energy  Data  Obtained  with  tha  FT-524 

Threshold  data  takan  by  tha  method  described  in  Section 
4.1.1  are  given  in  Table  1  for  Hd  doped  CaWOj .  Table  2  gives  data 
for  Bd  doped  glass,  and  table  3  gives  tha  results  for  ruby,.  Tha 
CaW04  (M3+)  crystals  ware  grown  at  Xsoaet,  while  tha  Bd  glass  and 
ruby  rods  ware  obtained  from  outside  vendors.  All  of  tha  rods  ware 
ground,  polished  and  coated  at  Xsemat. 

4.1.4  Analysis  of  Data  Obtained  with  the  rr-524 

from  tha  data  given  in  Table  X  for  Bd3+  doped  calcium  tung- 
o tat#  we  can  compute  a  maan  lasing  threshold  of  16.5  joulas.  The 
mean  value  of  tha  threshold  given  in  Tabla  2  for  Bd  doped  glass  is 
455  joules,  and  the  mean  value  of  tha  threshold  given  for  ruby  in 
Table  3  ia  1169  joules. 

Tha  reaults  of  energy  measurements  are  plotted  in  Figure  7. 
Tha  computed  pumping  efficiency  is  .02%  for  ruby  and  .19%  for 
(Bd3*) .  Tha  pumping  efficiency  was  calculated  using  tha 
following  formula « 

Pumping  Bfficiency  -  v 

'  Energy  input  -  Threshold  anargy 

where  all  the  anargy  values  are  in  joules. 

l#l.a  ..rx-42  Umax  liiih-jufal  USuX  JLL 

Tha  first  cavity  using  a  linear  flash  tube  is  shown  in 
Flour#  8,  The  laser  rod  was  supported  in  a  glass  tube  which  was 
placed  between  two  linear  BOO  FX-42  xenon  flash  tubes.  The  re¬ 
flector  consisted  of  aluminum  foil  wrapped  around  tha  entire 
assembly.  This  cavity  gave  reasonable  values  for  threshold  and 
pumping  af f iciencies ,  A  graph  showing  input  anargy  vs.  output 
anargy  for  various  rods  is  given  in  Figure  9. 
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Figure  7.  Outrut  vs.  In;ut -Helical  Flash 
Lanp  at  Room  Temperature 
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Figure  8.  Linear  Cavity  (Nark  I) 
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TABU  1 


THMWBOID  WMCMUttm  Of  Cum.  (Md**) 
******  CRYSTAL!  AT  ROOM  TXKP1RATURI  IM  A 


8  aspic 

So.  Doping 

1  .«X  Sd 

2  .8%  Md 

3  ,5X  Md 

4  ,3X  Md 

5  .5*  Md 

6  IX  Md 

7  ,5X  Md 

8  ,5X  Hd 

9  .8X  Hd 

10  «SX  Sd 

12  .  5X  Md 

13  .5X  Hd 

14  .  5X  Md 

15  .SX  Hd 

18  .5X  Md 

17  «5X  Md 

18  .SX  Md 

19  ,5X  Md 

20  ,SX  Md 

22  #5X  Md 

23  .SX  Md 

24  .SX  Md 

23  .SX  Md 

26  .SX  Md 

27  ,9X  Md 

28  ,9X  Md 

29  .SX  Hd 

30  .SX  Md 

31  .SX  Md 

32  .SX  Md 

33  .SX  Md 

34  .SX  Md 

33  .SX  Md 

36  .SX  Md 

37  .SX  Md 

38  .SX  Md 

39  .SX  Md 

40  .SX  Md 

41  .SX  Md 


Di*. 

Inchaa 

.250 

.390 

.230 

.230 

.230 

.2S0 

.230 

.230 

.230 

.230 

.250 

.230 

.230 

.230 

.230 

.230 

.230 

.230 

.230 

.230 

.250 

.230 

.230 

.230 

.300 

.230 

.230 

.230 

.230 

.230 

.230 

.230 

.230 

.230 

.250 

.230 

.230 

.230 

.230 


Langth 

C 

V 

Inargy 

Inchaa 

JLX 

XaUi 

Joulaa 

1.833 

4X  D  4 

3000 

18 

1.930 

4X  D  4 

4400 

38.7 

2.000 

2X0  4 

3200 

20.3 

3.00 

4X  D  4.2 

2100 

9.2 

2.00 

2X  D  4 

2800 

13.7 

2.00 

1.3XD  4 

2750 

13.1 

2.00 

4X  D  4 

2700 

13 

2.30 

3.8XD  4 

2200 

9.7 

2.00 

SX  A9  4.2 

3300 

23.7 

2.00 

IX  Ag  16.7 

2200 

40.3 

2.00 

2X  D  4.2 

2430 

12.6 

3.00 

IX  D  4.2 

2650 

14.8 

3.00 

3.3XD  4.2 

2400 

12.1 

2.00 

3.3X0  4.2 

2300 

13.1 

2.00 

3.3X0  4.2 

2230 

11.2 

2.00 

2X  D  4.26 

3300 

26 

2.00 

2X  D  4.26 

2200 

10.3 

2.00 

2X  D  2.2 

2600 

7.4 

2.00 

3X  0  4.2S 

2800 

16.7 

2.00 

3X  D  4.26 

3600 

27.6 

3.00 

3X  0  4.23 

2400 

10.4 

3.00 

3X  D  4.2S 

2400 

12.3 

2.00 

4X  0  4,26 

2200 

10.3 

2.00 

4X  D  4.26 

2300 

11.3 

2. CO 

3X  0  8.6 

2700 

31 

1.S0 

2X  D  4.26 

2400 

11.9 

1.00 

2X  0  4.26 

3800 

30.8 

1.93 

2X  D  4.26 

2600 

14.4 

2.00  2X  D  4.26  2430  22.8 
2,00  2X  D  4.26  2300  13.3 
2.00  2X  D  4.26  2600  14.4 
2.00  2X  D  4.26  3200  21.8 
2.00  4.3XD  4.26  2300  11,3 
2.00  4.3XD  4.26  2200  10,3 
2.00  4.3XD  4.26  2630  14.4 
1.30  4,3X0  4,26  2600  14.0 
3.00  4.3XD  2. IS  2800  6.4 
2.00  4X  D  2.13  3000  14.0 
l.oo  4X  D  2,1'i  4200  16,0 
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(Continued) 


Sample 

_ JSfla... 

Pacing 

42 

.594  Nd 

43 

.594  Sd 

44 

.594  Sd 

45 

.594  Sd 

46 

.594  Sd 

47 

.594  Sd 

48 

.594  Sd 

49 

.594  Sd 

50 

.5*4  Sd 

DU. 

Ungth 

Inchee 

Inehee 

.250 

1.50 

.250 

1.50 

.250 

2.00 

.200 

1.00 

.250 

2.00 

.250 

1.00 

.250 

1.00 

.125 

1.875 

.500 

2.00 

C 

JL1  7UX_ 

4>i  0  2. IS 

4%  0  4,26 

4*  0  2.15 

594  Ag  4.26 

494  D  2.15 

494  D  2.15 

494  0  2,15 

494  D  2.15 

494  D  8,6 


V 

En«rgy 

Volte 

Joulee 

2900 

9.0 

3400 

24 

3200 

11 

4300 

39 

3250 

11 

3600 

14 

3400 

12.4 

3200 

11 

2600 

29 
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TABLE  1 

THRESHOLD  MEASUR2MSHTS  Of  HKODYMXOM  GLASS 
LASBK  CRYSTALS  AT  ROOM  TEMPERATURE  XH  A 
- SSLICAL  CAVITY  ( ft 5^1 _ 


Sample 

Doping 

Die. 

Inehaa 

Length 

Inchaa 

1 

.2%  Hd 

.250 

2.50 

2 

.5%  Hd 

.250 

2.00 

3 

.5*  *»d 

.250 

2.00 

4 

.5*  Hd 

.250 

2.00 

5 

.5%  Hd 

.250 

2.00 

6 

.5%  Hd 

.250 

2.00 

7 

.5*  Hd 

.250 

2.00 

8 

.5%  Hd 

.250 

3.00 

9 

.5%  Hd 

.250 

2.00 

10 

.5*  Hd 

.250 

2.00 

11 

.5%  Hd 

.250 

3.00 

12 

*5%  Hd 

.250 

2.00 

13 

.5*  Hd 

.250 

1.00 

JLX 

C 

V 

Energy 

M 

Volta 

Joulaa 

1.4*0 

25 

2800 

98.0 

4*  D 

J 

aa 

900 

4#  1) 

.  - 

— 

850 

4*  D 

100 

3400 

578 

4*  D 

250 

3400 

1445 

3.8*0 

16.9 

3300 

92 

3.6*0 

50 

3100 

240 

3.4*0 

50 

3400 

289 

3*  D 

8.6 

5000 

103 

3*  D 

8.6 

4500 

87 

3.3*0 

50 

3100 

252 

4,3*0 

120 

2900 

565 

4*  D 

120 

3000 

540 
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table  3 

THRESHOLD  MEASUREMENTS  OF  RUBY  LASER  CRYSTALS 


Sample 

...ita-.., 

Doping 

Dia. 

Inchaa 

Langth 

Inehaa 

JL2 

C 

V 

Volta 

Ervargy 

JgaliM, 

1 

.05%  Cr 

.250 

2.00 

4%  D 

250 

3800 

1800 

2 

.05%  Cr 

.390 

1.95 

8%  D 

250 

3800 

1800 

3 

.05%  Cr 

.355 

2.88 

3.5%D 

250 

4100 

2160 

4 

.05%  Cr 

.250 

3.00 

4%  D 

120 

3600 

886 

5 

.05%  Cr 

.250 

2.00 

4%  D 

120 

3500 

735 

6 

.05%  Cr 

.250 

2.00 

4%  D 

240 

2500 

652 
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The  following  efficiencies  wara  calculated: 

Ruby  (ground  o.d.)  0.085% 

Ruby  (polished  o.d.)  0.13% 

CaWO, (Hd^+)  (ground  o.d.)  0.88% 

4 

The  linear  arrangement  ah owe  a  factor  of  four  Improvement 
In  efficiency  over  the  helical  cavity. 

Utilizing  thla  Information  It  waa  decided  to  design,  build 
and  teat  a  linear  cavity  with  more  controllable  perametara.  The 
cavity  (Mark  2)  conalated  of  a  4  Inch  Internally  aluminized  cylin¬ 
der  with  a  center-to-center  dlatance  between  the  flaah  tube  and 
the  laaer  rod  of  .400  lnchee.  The  laser  rod  waa  supported  by  a 
glase  tube. 

4.1.6  Threshold  and  Energy  Data  for  Mark  2  FX-42  Cavity 

_  Threshold  data  are  given  In  Tables  4,  5,  and  6  for  CaWO. 
(Bd3  ) ,  Nd  doped  glass  and  ruby. 

4.1.7  Analysis  of  Data  Obtained  with  the  FX-42  Cavity 

from  the  data  given  In  Table  4  for  CaWO^  (M3*)  a  mean 
value  for  the  threshold  energy  of  4  joules  was  calculated.  This 
is  a  factor  of  four  better  than  obtained  with  the  IT-524  cavity. 
tor  data  given  In  Table  9  for  Bd3+  doped  glass  we  compete  a  mean 
laser  threshold  energy  of  106  joules,  which  la  a  factor  4.5 
better  than  that  obtained  with  the  IT-524 ,  Tor  two  samples  given 
in  Table  6  for  ruby  we  get  an  average  threshold  energy  of  370 
joules,  which  is  a  factor  of  3.1  better  than  that  obtained  with 
an  FT— 524.  This  decrease  in  threshold  was  also  evident  in  quality 
control  data  from  a  large  number  of  laser  rods  which  were  teeted 
in  each  cavity. 

4*1. B  1  rX-43  ClYifcy 

An  Improved  version  of  the  TV-42  linear  flash  tube  cavity 
is  shown  in  Figure  10,  This  cavity  had  the  following  advantage# : 
easy  access  to  the  laser  rod  and  flash  lamp  and  reproducible 
positioning  of  the  laser  rod  to  1  to  2  mllllradlans. 

The  accessibility  tes  provided  by  sp] lttlng  the  cavity  a- 
long  the  plane  of  the  laaer  rod  and  flash  lamp.  This  does  not  de¬ 
crease  the  cavity  performance  because  the  radiation  from  the  cut 
out  portion  doea  not  reach  the  laser  rod.  The  upper  half  of  the 
cavity  ie  repositione*  with  respect  to  the  lower  half  of  the 
cavity  by  the  use  cf  owel  pins. 
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THRESHOLD  MEASUREMENTS  07  CeMO  (Bd  )  LASER 
CRYSTALS  AT  ROOM  TEMPERATURE4!*  A  LINEAR 


Sample 

Die, 

Length 

C 

V 

Energy 

.  Fa. 

Doping 

Inche* 

JSJt 

7^ 

Yalta 

Joule* 

i 

.5B  Nd 

.250 

2.00 

4B  D 

2.15 

1900 

3.9 

2 

.5B  Kd 

.250 

3,00 

4B  D 

2.15 

2000 

4.3 

3 

.5%  Kd 

.150 

2.00 

2B  D 

2.15 

1875 

3.8 

4 

.5B  Kd 

.238 

2.00 

4B  D 

4.26 

1350 

3.9 

5 

.5%  »d 

.238 

2.00 

4B  D 

4.26 

1300 

3.6 

6 

.5%  Bd 

.250 

2.00 

4B  D 

4.26 

1500 

4.8 

7 

.5B  Kd 

.250 

2.00 

4B  D 

4.26 

1300 

3.6 

8 

.5B  Bd 

.250 

2.00 

4B  D 

4.26 

1350 

5.1 

9 

.5B  Bd 

.250 

2.00 

4B  D 

4.26 

1350 

3.9 

10 

.5B  Bd 

.250 

2.00 

4B  D 

4.26 

1150 

2.8 

11 

.5%  Bd 

.250 

2.00 

— 

4.26 

1250 

3.3 

12 

Bd 

.250 

2.00 

12BD 

8.60 

1000 

11 

13 

Bd 

.250 

1.50 

4B  D 

8.60 

1000 

4.3 

14 

Bd 

.25 

2.00 

IB  D 

4.26 

1200 

3.1 

15 

.5*  Bd 

.250 

2.00 

4B  D 

4.26 

1200 

3.07 

16 

.5*  Bd 

.500 

2.00 

6B  D 

4.26 

1800 

.  7 

17 

.5B  Bd 

.062 

1.7S 

6B  D 

2.15 

1800 

3.5 

18 

.SB  Bd 

.250 

1.00 

6B  D 

4.26 

2200 

10 

19 

.5*  Kd 

.250 

1.00 

2B  D 

4.26 

2200 

10 

20 

.SB  Bd 

«12S 

1.00 

4B  D 

4.26 

1600 

5.5 

21 

.SB  Bd 

.116 

1.00 

4B  D 

4.26 

2000 

8 
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THUS  BOLD  NEAS3MKIN78  OF  NEODYMIUM  GLASS 
AT  ROOM  TEMPERATURE  ZB  A  LIBIA*  CAVITY 

_ IgLdlL^-WlI^  x»  AjaaggJBIQBga _ 


£s£lna 

DU. 

fasht* 

Length 

faSlUL* 

-2L1 

C 

V 

Volta 

Enargy 

fault* 

2%  Nd 

.250 

2.00 

1%  D 

240 

1200 

173 

2%  Nd 

.250 

2.00 

1%  D 

120 

1200 

86.5 

2%  Nd 

.250 

2.00 

4%  D 

120 

1000 

60 

TABLE  6 

THRESHOLD  MEASUREMENTS  OF  JtUBY  AT  ROOM 
TEMPERATURE  IN  A  LINEAR  CAVITY  (FX-42) . 
-  -  CRYSTAL  IB  A  GLASS  SHIE&P.. . . 


Dla. 

T  nrh« ■ 

Langth 

Inr-h«« 

_*JE 

C 

V 

Volta 

Enargy 

Joolaa 

.05?£r 

.250 

2.00 

4%  D 

240 

2100 

530 

. 05M0r 

.250 

2.00 

♦*  D 

240 

1400 

275 
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The  laser  rod  was  h«ld  in  place  by  Min*  of  "V*  block*  and 
spring  clasps.  Ths  original  spring  clasps  consisted  ot  two  ;hos- 
phor  bronze  strips  about  0,118  inchss  wide.  Zn  order  to  reduce 
the  shielding  produced  byttiese  clasps,  they  ware  replaced  by  .020 
inch  wire  clasps,  and  the  "V"  blocks  were  ground  down  to  reduce 
the  shielding. 

The  inside  diaseter  of  the  cavity  was  4.00  inches  and  the 
center-to-center  spacing  between  the  laser  rod  and  the  flash  lasp 
was  0.50  inches.  These  dimensions  were  determined  by  a  geometrical 
ray  trace  analysis.  Ixamples  of  this  trace  are  shown  in  Figure  11 
for  the  case  of  small  center-to-center  spacing,  and  in  Figure  12  for 
large  center-to-center  spacing.  Zn  general  it  was  found  that  large 
cavity  diaseter  relative  to  the  flash  lamp  and  laser  rod  diameters 
and  their  separation  produced  the  highest  value  of  optical  coupling. 


Table  7  gives  threshold  data  obtained  for  CaW04 (Bd3  ) ,  Bd3 
doped  glass  and  ruby.  These  data  were  obtained  for  various  produc¬ 
tion  rods  made  and  tested  at  Zsomet  as  well  as  for  the  standard 
laboratory  stock  of  test  lasers. 

The  mean  threshold  energy  for  the  three  CaW04 (Bd3+)  laser 
rods  was  4.0  joules.  The  single  Bd  doped  glass  laser  rod  had  a 
threshold  of  14  joules.  This  was  the  lowest  threshold  found  for 
an  Bd  doped  glass  rod.  The  two  ruby  rods  had  an  average  threshold 
of  445  joules.  The  elimination  of  the  glass  tubing  should  yield  a 
alight  decrease  in  the  threshold  energy  requirement. 

4.1.10  If feet  of  Using  an  FX-38A  Xenon  Flash  Tube  Znstead  of 


Zn  the  optical  ray  trace  analysis  of  laser  cavities,  it  be- 
cams  apparent  that  the  diameter  of  the  flush  tube  should  be  equal 
to  or  smaller  than  the  laser  rod  for  most  efficient  optical  coup¬ 
ling.  The  smaller  the  diameter  of  the  flash  tube  the  better  the 
coupling. 

Data  taken  using  the  FX-38A  flash  tube  is  given  in  Table  8 
for  CaW04(Bd3+)  and  ruby.  The  :uby  rod  had  a  threshold  of  173 
joulee,  while  the  same  rod  had  a  threshold  of  308  joules  with  the 
FX-42  flash  lamp.  This  is  an  improvement  of  1.8  in  threshold. 

The  CaWO.  (Sd3+)  data  give  a  mean  value  of  2.2  joules  for  laser 
threshold  and  a  minimum  threshold  of  1,5  joules  was  obtained. 

This  would  indicate  a  factor  of  2  improvement  over  the  FX-42 
in  laser  threshold  energy. 
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THRESHOLD  MEASUREMENTS  07  UNSHIELDED  ROW, 
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Ho  data  on  energy  output  versus  input  energy  has  been  taken 
for  ths  Px-38A  flash  tubs  arrangement,  However,  thsoratieal  itudiss 
and  projection  of  ths  analysis  of  rssults  of  ths  comparison  between 
ths  linsar  and  halieal  cavities  would  tsnd  to  give  an  improvesent 
in  pumping  efficiency  of  2  ovs?  ths  FX-42  or  pusping  efficiencies 
of  3*  for  CaM04  (N<j3+)  and  about  1#  for  ruby. 

4.2  fl=Saitsh«l tu«a 

4.2.1  Sdbilish,  hm  Analysis 

Q-ewitched  "giant”  lassr  pulsss  ars  producsd  by  rapidly 
changing  ths  Q  (quality)  of  ths  cavity  frost  a  low  0  stats  ( char- 
act  arisad  by  high  loasas)  to  a  high  Q  stats  (whsrs  ths  loss  rats 
is  low) ,  whils  ths  lassr  crystal  is  bsinq  optically  sxeitsd.  »y 
this  means  ths  lassr  crystal  can  bs  pustpsd  to  high  lsvsls  of  in¬ 
version  (whsrs  ths  excited  stats  population  is  grsatsd  than  ths 
terminal  level  population)  under  conditions  of  low  cavity  Q.  When 
ths  0  is  suddenly  increased,  ths  stored  energy  can  bs  released  in 
a  “giant"  pulse.  This  effect  has  been  demonstrated  in  ruby  '15' 
and  in  neodymium  doped  glass  (lfc)  where  peak  power  in  excess  of  30 
swgawatts  have  been  produced  in  both  systems.  0- switching  has 
also  recently  been  demonstrated  for  neodymium  doped  calcium  tung¬ 
state  '17' .  This  technique  can  be  used  with  any  material  that  ex¬ 
hibits  normal  oscillation,  provided  the  excitation  is  accomplished 
in  a  time  that  is  short  compared  to  the  normal  fluorescent  life¬ 
time  of  the  crystal.  The  amount  of  energy  available  in  the  pulse 
is  dependent  on  the  degree  of  inversion  and  the  cavity  losses  at 
the  time  of  0-swltching. 

For  example,  neodymium  in  a  host  lattice  of  glass  oscil¬ 
lates  by  ebsoxfcing  energy  in  three  main  absorption  bands  at  28,000 
cm-1,  18,000  cm-1,  and  12,000  cm*1  and  then  falls  by  a  radiation¬ 
less  transition  to  a  level  at  about  11,400  car1.  Laser  oeollla- 
tion  occurs  by  eadsslon  from  this  level  to  a  level  about  2,000 
cm*1  (shown  in  Figure  13) .  Since  the  terminal  laser  level  Is 
2,000  cm*1  above  the  ground  state,  it  IS  relatively  unpopulated 

15.  "Characteristics  of  Olant  Optical  Pulsations  from  Ruby*-P.J. 
MeOlung  and  R.W,  Hellverth,  Proceedings  of  XSSB  -  Jan. 1943  p.46 

16.  "Meodymiua  Olass  Laser"  Quantum  Slectronics  Conference,  1963 
Paris  -  I.  Snitser 

17.  D.  Karl  sons  6  T,  Falvey,  "Q-S  witched  CaWOut-M**  Laser"  J,  Appl. 
Physics,  Vol.  34,  Ho.  11,  1963  p.  3407 
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even  at  room  temperature .  Thia  means  that  invar a ion  can  occur 
with  low  input  power  compared  to  thraa  laval  laaer  systems,  auch 
aa  ruby,  where  the  terminal  laaer  level  ia  the  ground  state  and 
more  than  half  of  the  ions  have  to  be  pumped  into  the  excited 
atate,  A  further  advantage  of  Nd  crystals  ia  that  the  main  ab¬ 
sorption  bands  are  sufficiently  close  to  the  laser  excited  level 
that  heat  generated  by  the  radiationless  transition  to  the  excited 
level  is  smaller  than  in  othar  systems.  Zn  addition,  neodymium 
in  calcium  tungstate  and  glass  has  a  fluorescence  quantum  effic¬ 
iency  close  to  l'1®',  compared  to  ruby  with  a  quantum  efficiency 
of  about  0,6 . 

One  of  the  major  considerations  in  the  design  of  a  Q-switch 
system  is  obtaining  the  necessary  switching  speeds,  figure  14  la 
a  graphic  representation  of  the  timing  requirements .  At  to  the 
flash  lamp  is  ignited.  As  the  crystal  is  pumped,  a  degree  of  in¬ 
version  is  reached  at  which  the  crystal  could  oscillate  if  the 
cavity  Q  were  high  [f(H)0],  The  degree  of  inversion  continues 
to  increase  to  a  maximum  f(W)j,,  [where  f(N)  is  a  function  of  the 
degree  of  inversion].  When  this  point  has  been  reached,  ts,  the 
aperture  ia  lined  up  with  the  crystal  and  oscillation  occurs.  The 
maximum  energy  obtainable  ia  that  represented  by  f (N) j,-f (B)0.  ha 
is  shown  in  Figure  14  there  ia  a  time  after  ta  during  >diich  no 
oscillation  occurs.  This  is  the  time  required  for  the  pulse  to 
build  up  and  la  about  ISO  nanoseconds.  X*.  has  been  shown that 
if  Qwswitching  is  done  at  rates  slower  than  this  build  up  time, 
multiple  pulses  can  develop. 

At  present  Q-swltching  is  accomplished  by  means  of  Kerr 
cells,  rocks 1*  cells  or  mechanical  Q-svltchae.  The  latter  con¬ 
sist  of  rotating  total  Internal  reflection  prisms  or  mirrors  with 
optical  "speed  doublers"  or  other  optical  devices  which  increase 
the  effective  switching  speed.  All  of  these  devices  suffer  from 
limitations.  With  a  Kerr  or  Fockels  cell  polarlsers  must  be 
introduced  into  the  cavity  or  othar  means  found  to  polarise  the 
laser  beam.  This  introduces  optical  insertion  losses  and  optical 
alignment  difficulties,  A  further  disadvantage  is  that  for  Kerr 
cell  switching,  up  to  1/3  of  the  energy  can  be  lost  by  conversion 
from  the  main  laser  frequency  to  R«man  frequency  light  by  the 
nitrobenzene  in  the  Kerr  cell.  As  far  as  rotating  prisms  and 
optical  "speed  doublers"  are  concerned,  they  introduce  alignment 
problems  and  insertion  losses  in  addition  to  increasing  the  opti- 

Ifl.  "Cheve-tsv '-tics  of  CaW04(Nd3+)  Optical  Maser"  -  L.F,  Johnson 
•  'l.-.-nonlcs  Donference  1063  -  Paris 
10.  "l*i!>er  Hut*  *inls  and  Devices  -  A  Research  Report,"  R.D,  Raun, 
tlei-..ro-Technology,  September  1963,  p.  67. 
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cal  path  length  of  the  cavity  end  thereby  increasing  the  pulse 
width.  Xach  of  these  technigues  has  bean  critically  examined. 
A  mechanical  chopper-telescope  corib Inst ion  has  been  developed 
that  offers  high  efficiency  and  reliability. 


1 ,2,t  Siaasa  £a  2b£1sa1  Il—nta 


The  high  peak  power  developed  in  Q -switching  produces  ex¬ 
tra  asly  high  power  densities  that  can  lead  to  the  destruction  of 
mirrors,  reflective  coatings  and  optical  elements.  Zt  is  planned 
to  overcome  this  problae  by  the  use  of  a  proprietary  technique 
developed  at  X scant  that  employs  the  use  of  optical  elements 
within  the  laser  cavity  to  increase  the  laser  beam'  disaster.  This 
technique,  in  addition  to  providing  mode  selection,  distributes  the 
high  peak  power  from  the  laser  over  a  larger  area  thus  contributing 
to  a  aarked  increase  in  life  expectancy  of  the  sy steal. 


m  Cell  O-Cwitchlnc  of  Rubv 


4.2. 3.1  experimental  Arrangement  Used  in  Kerr  Cell  0- 

_ _ fcKltchlng.  _ 


A  schematic  drawing  of  the  experimental  arrangement  used 
in  this  series  of  experiments  is  shown  in  Figure  15.  The  laser 
cavity  was  of  the  FT-524  helical  flash  tube  type.  With  this  cavity 
the  threshold  for  the  ruby  laser  rods  ranged  from  694  to  1200  joules 
The  polariser  consisted  of  a  Hicol  prism.  The  Kerr  cell  used  in 
these  experiments  was  a  Kappa  8erles  8  using  nitrobenzene  as  the 
working  fluid.  The  cell  was  anti-reflection  coated  for  6 94 3 A .  Min¬ 
imum  transmission  occurred  at  31  kilovolts.  The  Kerr  cell  was 
pulsed  by  a  KV-27  low  inductance  thyratron,  and  powered  by  34  KV 
variable  power  supply. 


4. 2. 3. 2 


Obtained 


Considerable  problems  were  encountered  in  using  the  Kerr 
cell  as  a  0— switch,  Initially,  voltage  breakdown  and  corona  dis¬ 
charge  produced  inconsistent  results.  More  insulation  was  added 
to  the  pulser  eliminating  most  of  the  breakdown  problems. 

The  Q-svitch  still  performrl  poorly.  Meaaired  output  pul¬ 
ses  of  several  hundred  KW  were  produced.  An  open  to  closed  trans¬ 
mission  ratio  of  only  7.5:1  was  obtained,  which  explains  to  some 
extent  the  poor  performance  as  a  0-switch.  For  high  performance 
it  would  be  necessary  to  use  ultrapure  nitrobenzene  and  more 
efficient  polarizers,  and  to  anti-reflection  coat  all  surfaces. 

The  use  of  Brewster  angle  ends  on  the  ruby  would  also  help  to  in¬ 
crease  power  output.  At  this  time  it  was  decided  that  a  mechanical 
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Figure  17.  hoc  mnkil  Q-CwitrMng  Aetciibly 
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0- witch  would  provide  more  reliable  operation  at  higher  peak 
powara ,  and  no  further  work  with  Kerr  cella  wee  carried  out. 


A  mechanical  Q-switch  vs*  fabricated  using  a  17,300  rps 
universal  wound  motor  driving  a  90°  prise.  After  soae  initial 
aligrawnt  problems  excellent  performance  of  this  0- switch  was 
obtained. 

4. 2. 4.1  Sxperieental  Arran gasM nt  Used  in  Mechanical  0- 
_ fetching _ 1 _ _____ 

A  schematic  diagraa  of  the  mechanical  0- switching  setup 
is  shown  in  Figure  16,  while  Figure  17  shows  a  photograph  of 
this  arrangement.  The  cavity  utilised  an  too  FX-42  xenon  flash 
tube  with  a  glass  tube  to  support  the  laser  rod.  The  actor  speed 
was  17,500  rpa.  The  prisms  used  were  90°  TIR  (total  internal  reflec¬ 
ting)  .  Zn  scow  of  the  prisas  the  roof  edge  was  polished  to  perait 
monitoring  the  output  on  both  sides  of  the  cavity.  A  phototransis¬ 
tor  and  a  small  light  bulb  were  used  to  fire  the  flash  leap.  The 
output  from  the  phototrana iator  wee  fed  to  an  Abtronics  Model  200 
two  channel  time  delay  generator,  in  order  to  vary  the  time  when 
the  flash  lamp  was  fixed  so  as  to  secure  the  output. 


Figure  IS  shows  »  photograph  of  a  typical  output  pulse 
resulting  from  Q-ewitching  with  an  input  energy  of  973  joules. 
The  trace  was  taken  with  an  100  80-100  photodiode  as  the  sensor. 
The  decay  time  ox  the  pulse  is  limited  by  the  interconnecting 
cable  capacity.  The  calibration  of  the  photodiode  gave  a  sensi¬ 
tivity  at  the  ruby  wavelength  of  0.33  x  10"*  v/watt.  The  diode 
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was  located  at  a  working  distance  of  6  inches  from  a  magnesiun 
oxide  reflector  having  a  reflectivity  of  0.V2.  The  peak  output 
power  was  calculated  to  be  of  the  order  of  7  megawatts  in  a  single 
pulse.  Sane  difficulty  was  encountered  in  making  these  measure¬ 
ments  because  the  oscilloscope  used  was  rise  time  limited,  it  is 
likely  that  the  pulse  voltage  t«a  actually  greater  than  shown  in 
the  photograph)  the  output  power  would  accordingly  be  greater  than 
7  megawatts. 

4. 2. 4. 3  Attempted  O-Switchlna  of  Calcium  Tunaatate  fHd3+l 

Attempts  were  made  to  O-switch  calcium  tungstate.  The 
metastable  state  lifetime  for  CaW04  (*d3+)  is  much  shorter  than 
that  for  ruby  so  that  any  errors  or  variations  in  timing  caused 
large  changes  in  the  output  pulse  amplitude.  At  the  rotational 
speeds  of  the  O-switching  prism,  a  timing  accuracy  equivalent  to 
2°  of  prism  rotation  were  required.  The  setup  did  not  have  this 
degree  of  precision,  figure  19  is  an  illustration  of  one  of  the 
Q- switched  outputs,  for  comparison  the  normal  laser  output  is 
also  shown .  Quantitative  data  could  not  be  obtained  because  of 
timing  jitter. 

1.2,18-  Hcflnd  auacais  fltasrttlan  fctptrlaanf 

Osing  K3JP  as  second  harmonic  generation  material,  some  ex¬ 
periments  were  conducted  on  second  harmonic  generation  with  a 
mechanical  o~ switch  and  a  ruby  laser.  The  results  were  inconclu¬ 
sive,  since  the  high  peak  power  of  the  laser  resulted  in  the  des¬ 
truction  of  the  crystal. 

At  this  time  vary  premising  results  were  obtained  with  infra¬ 
red  stimuleble  end  infrared  sou  t ting  phosphors.  Since  an  I* -I* 
system  is  mors  efficient  than  e  CV-IA  system  (because  an  energy 
loss  of  at  least  five  in  harmonic  generation  is  avoided)  it  wee 
decided  to  discontinue  second  harmonic  studies. 

1.2.6  -Optical  a— Ma  Jacamlitl 

A  aeries  of  experiments  war.  performed  to  determine  Ute 
effect  of  O-switched  laser  beans  on  optical  elements.  Zn  each  case 
e  focussed  ruby  laser  beam  of  approximately  7  megawatts  peak  energy 
wee  directed  into  the  material.  The  following  results  were  observed! 

e.  Lucite  block  -  Showed  bubbles  where  laser  beam  wont 
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through. 

b.  KDP  -  Shoved  bubbles  and  fracture  aerks  where  bean 
went  through. 

c.  Prism  -  Surface  pitted  by  beaa. 

d.  Ceaented  Positive  Ach roast 1c  bens  -  Ceaent  destroyed, 
glass  pitted  at  exit  side, 

e.  Dielectric  coatings  -  Destruction  after  one  or  aore 
laser  pulses. 

-2.7  High  Repetition  Kate  Lasers 

Many  lasers  have  been  operated  continuously.  Solid  State 
crystal  lasers  such  as  aeodyalua  doped  calcium  tungstate  can  be 
operated  continuously  at  rooa  temperature,  if  water  cooled  (18,20) . 
Calciua  tungstate,  ruby  and  other  materials  have  been  laaed  con¬ 
tinuously  at  liquid  nitrogen  teaperatures «  Xt  is,  therefore, 
rsascnabla  to  expect  that  a  laeer  such  as  Cawo*  (Bd3-r)  can  be  pilsed 
at  a  high  repetition  rate  provided  that  an  efficient  cavity  and 
cooling  are  used  and  a  high  rep  rate  efficient  pump  is  available. 
This,  fortunately,  is  not  an  insurmountable  problea. 

Considerable  advancee  are  being  Bade  in  flash  laape.  In 
the  past  six  aonths  the  average  flash  tube  power  has  been  raised 
from  20  watts  for  an  PX-38A  and  60  watts  for  an  PX-42  to  4,000 
watte  for  an  PX-62.  The  PX-42  and  IX-62  are  alaoet  identical  in 
optical  dimensions.  The  fX-62  can  be  fired  it  50  pulses  per  eecond, 
while  the  PX-42  has  a  maximal  rep  rate  of  one  per  ten  seconds, 

one  promising  direction  being  developed  at  Xscamt  involves 
the  uae  of  a  aodlua  vapor  leap  as  the  pump  source,  figure  20  shove 
the  absorption  spectra  of  Vd3*  and  the  emission  spectra  of  eodiua. 

■ urns r leal  computation  indicates  e  possible  50  fold  improvement  in 
punp  efficiency. 

1»2»B  ,  Thtaal  .Pt itlra  ifcJjjflLlaBJBataa 

The  temperature  rise  for  xenon  pumping  can  be  computed  for 
the  following  conditional 

a.  A  water  jacket  is  us«J  to  eliminate  the  infrared  rad¬ 
iation. 


26.  L.P.  Johnson,  O.D.  Boyd,  K.  Nassau  and  R.B,  Soden  "Continuous 
Operation  of  a  Bolld  State  Optical  Maser.”  Fhya.  Bev.  126.1406 
(1962) , 
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b.  70%  of  tho  radiant  output  of  tha  laap  la  focussed  at 
tha  cryatal,  aa  a  rasult  of  high  coupling  efficiency 
in  tha  cavity. 


c.  8%  of  tha  energy  focuaaad  on  tha  cryatal  ia  absorbed 
by  the  dopant  with  a  quantum  efficiency  of  100K. 

Banco  t 

Temperature  riaa  -  - ftim  AhtBlStfl _ 

Volume  x  daneity  x  apecific  heat 

-  IQ  x  .08  x  0.7  x  0,24 
2.3  x  6.06  x  0.104 

a  0.0&°C/pulse 

Although  tha  temperature  rise  ia  small,  at  SO  ppe  thla  corraaponda 
to  2.1  cal/aec. 

Tha  cooling  requirements  can  be  oatlmatad  from  the  conduc¬ 
tivity  agnation i 


-X  A 


d*. 

dx 


where  dQ/dt  a  rata  of  heat  t ran afar 

X  ■  coefficient  of  thermal  conductivity 

A  a  area 

<38 /d*  a  temperature  gradient 


Aeeumlng  a  rectangular  croaa  aection  laaer  rod  tha  oatlmatad  ther¬ 
mal  gradient  will  not  exceed  30°  above  ambient.  Oalng  air  aa  the 
coolant  3  cu  ft  of  eir/xlnute  will  limit  the  temperature  rlae  at 
the  surface  to  O.S°C  above  ambient.  This  ia  aufflcient  cooling  to 
keep  the  laser  oscillating  at  a  high  level.  The  computed  max  ther¬ 
mal  gradient  ie  not  high  anought  to  seriously  strain  the  cryatal. 


i,l,  Fbetgamtcr 

A  photometer  was  constructed  and  used  to  measure  the  in¬ 
frared  satis  si  on  for  all  of  the  phosphor  samples.  A  sketch  of  this 
basic  device  la  shown  in  Figure  21. 
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The  field  lens  was  adjusted  so  that  the  device  exhibited  a  rela¬ 
tively  flat  sensitivity  curve  as  a  function  of  angle  of  source  for 
the  three  degree  field.  Therefore,  aiming  of  the  photometer  was 
not  critical. 

The  sensitivity  of  the  photometer,  was  found  to  be  0.48 
volts  per  microwatt  of  incident  light  of  wavelength  1.06  microns. 
The  spectrum  of  a  calibrated  incandescent  lamp  was  filtered  by  a 
KBP  crystal  and  an  XscsMt  718-B  interference  filter. 

The  detector  was  a  PbS  cell  with  a  rated  detectivity  of 
9  x  10®  watts— cm (cps) *  and  is  capable  of  measuring  radiation 
power  densities  as  low  as  5  x  lO'1^  watts/c **. 
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A. 4.1  Pbosohar  Preparations 

4.4. l.l  Xxoloratorv  J>hoanhora 

Initially  a  series  of  phosphors  wsrs  prspsred  and  examined 
for  Mission  in  tha  infrared  using  a  3470A  excitation  source.  The 
phosphors  were  prepared  by  sdxlng  a  quantity  of  the  boat  (such  as 
ZnS  or  CdS)  with  a  few  al  of  a  solution  of  the  set! vs tor  ion.  A 
snail  quantity  of  XaCl  was  also  added.  The  suspension  was  dried 
pulverised  and  fired  in  air  in  an  aluminum  oxide  crucible  at  900°C 
for  one  hour.  Table  9  shows  a  list  of  phosphors  that  were  pre¬ 
pared  in  this  Banner.  CdS(Cu.Tl,Cl)  and  CdS(Cu,Tb,Cl)  were  found 
to  be  useful  phosphors  with  strong  infrared  emission.  The  other 
phosphors  in  Table  9  did  not  show  any  infrared  eaisaion  within 
the  range  of  the  detector,  (1.3  to  2.6  microns). 

Another  series  of  phosphors  was  prepared  in  a  similar  man¬ 
ner  but  was  examined  for  infrared  emission  when  excited  with  1.06 
micron  radiation.  Table  10  lists  the  phosphors  prepared  along 
with  their  relative  radiant  efficiency.  CdSe  was  found  to  be  a 
promising  host. 

The  high  radiant  efficiencies  displayed  by  th*so  I*  stimu¬ 
lated  and  XX  emitting  phosphors,  along  with  the  highly  efficient 
1  1.06  micron  laser  excitation  source  made  possible  by  CaWO^Vd3*) 

or  neodymitas  glass,  prompted  a  decision  to  concentrate  efforts  on 
XX-XX  phosphors.  2ns,  and  CdS  and  CdSe  doped  with  various  heavy 
metals  were  selected  as  premising  phosphor  system.  Car*£il 
preparations  and  studies  were  made  with  these  materials. 
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nsu 

1—BlM 

1. 

1 

(&>,ed)S;Cu 

2. 

2 

CaW04(Vd) 

3. 

3 

(Zn  ,Cd)  S  ,Cu  (bad ) 

4. 

4 

(£n ,Cd)*iCu (Bad) 

3. 

S 

CdStCuiTlQlaCl] 

6. 

6 

CdBtCutTl (bad] 

?. 

7a 

CdB iCuiTl ( . 1)  (Mad] 

8. 

7b 

Cd8 iCuiTl(l)  (bad] 

9. 

7c 

CdSiCuiFb(O.l)  (bad) 

10. 

8 

CdSiCuitn  (bad] 

11. 

8a 

Cd8  iCutCo  (bad] 

12. 

8b 

Cd8  tCuibl  (bad] 

13. 

8c 

Cd8tCu  !Tb(  .05)  (bad) 

14. 

9 

VbbtAgtTb  (bad) 

15. 

9a 

FbbiCuiTb  (bad) 

16. 

10 

Cdf  lAfltbad) 

17. 

10a 

Cd8  iJtgiTb  (bad] 

18. 

10b 

CditCutTb  (bad] 

19. 

11 

InbtCuiAl  (bad] 

20. 

11a 

ftibiCutCo  (bad] 

21. 

lib 

CdJBiBnf  iCuiTb  (bad) 

22. 

12 

CuBtTb  (bad) 

23. 

12a 

CuBiAg  (bad) 

24. 

12b 

Cub  ICO  (bad) 

•  bo  X*  Output  observed 
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TAMA  in 

LIST  OS  POTENTIALLY  USEFUL 
P HO fig BORA  SYNTHESlZEn 


Saapla  Mo. 

Coapoaitlon 

Firing 
Taap.  °C 

Kalatlva 

Radiant 

1 

Standard 

CdSa  t Cut  In 

1000 

.ovjo 

2 

14a 

CdSaiCutOytMaCl] 

800 

.0020 

3 

14b 

CdSatNn  [MaCll 

800 

.0037 

4 

16 

CdSiCuiZn  (MaCl ) 

800 

.004b 

S 

17 

CdSatCutZn  £MaCl J 

800 

.0078 

6 

17a 

CdSaiMt  (MaCl) 

800 

.0094 

7 

17b 

CdSaiMntDy [MaClJ 

800 

.0032 

8 

17c 

CdSa  tMitZn  (MaCl) 

800 

.0040 

9 

18 

*Cd(Sa,S)';ZnsCu  [MaC  11 

700 

.0340 

10 

18a 

*Cd(Sa,S)ZntCuiDy  (MaCl) 

700 

.0400 

11 

18b 

CdSatZntCu  [Macl] 

800 

.0100 

12 

1» 

Cd ( Sa, 8) CutZntDy: [MaCl) 

700 

.0180 

13 

19a 

Cd(Sa,S)CutZntDy  [Macl] 

700 

.0079 

14 

19b 

CdSatCu(Cl) tZn toy [MaCl] 

800 

.0030 

IS 

20 

*Cd(8a,S)CuiMn 

600 

.0069 

16 

20a 

*Cd(Sa,S)CutMn 

700 

.0090 

•SatS  ratio  ■  1:1 


a 


4.4. 1.2  Xfflclan*  »hoaehorm 

four  particularly  good  infrarad  emitting  phoaphora  were 
praparad.  Two  of  thaaa  wara  taatad  and  found  to  have  high  radiant 
afficiancy  whan  excited  by  1.06  Micron  radiation.  Tha  othar  two 
phoaphora  wara  praparad  too  lata  in  tha  program  for  evaluation, 
but  ara  conaidarad  to  ba  proalaing  by  analogy*  Tha  praparation 
of  thaaa  phoaphora  ia  aa  followat 

4.4. 1.2.1  <•■*»<»»»  anifida  fAo.V)  Camille  V-41 

A  quantity  of  7.3  grama  of  CdS,  1  al  of  0.01  N  A9VO3  ( 10  “2 
aaola),  1  al  of  0.01  N  MH4VO3  (10**2iaola)  and  6  al  of  watar  wara 
nixed  to  fora  a  paata.  Aftar  drying  for  thraa  hour a  at  120°C,  tha 
product  wma  ground  in  a  mortar  and  paatla  and  3.3  al  of  watar  added. 
Tha  aaaa  waa  mixed  wall  and  rafirad  at  950°c  for  thraa  hour a  in  aa 
B jf  ataoaphara.  Aftar  cooling  to  room  taaparatura  tha  product  waa 
r aground  and  than  rafirad  for  1.3  boura  at  950°C. 

4.4. 1.2. 2  Cadmium  lulflda  (Cu.V)  Cample  V-31 

A  quantity  of  14.3  grama  of  CdA  (0.1  aola) ,  2  al  of  0.01 
M  M4  VO,  (2  X  10*2  mU  V)  ,  2  ml  of  0.01  M  Cu(«03)2  (2  x  10*2 
maola  Cu)  and  7  cc  of  water  wara  mixed  and  dried  at  120°C  for  thraa 
hour a.  Tha  material  waa  than  ground  to  a  fine  powder  ia  a  mortar 
and  paatla.  A  quantity  of  0.3  c:  of  1  N  CuOOjlg,  0.3  oc  of  0.01  M 
KI4VO3  and  3  cc  HgO  wara  mixed  with  tha  dry  CdA  and  tha  mixture  waa 
dried  at  120°C.  Tha  dry  phoapher  waa  than  firad  in  an  82S  ataoa¬ 
phara  at  950°C  for  one  hour.  Tha  product  waa  cooled  to  rooa  taa¬ 
paratura,  ground  to  a  fine  powder  and  rafirad  at  9S0°c  for  two 
hour a. 


4.4U.Z.Z  HacJtolttfr  XQuatl  laualaJtzSil 

A  quantity  of  9.7  graaa  (0.1  aola)  of  bit,  2  al  of  0.01  M 
XH4VO3  (2  x  10-2  aaola  V)  and  2  al  of  0.01  N  Cu(ao3)2  (2  x  10*2 
aaola  Cu)  wara  mixed  to  fora  a  a lurry,  which  waa  than  dried  at 
120°  for  thraa  hour a.  The  product  waa  ground  in  a  mortar  and  paa¬ 
tla  and  3.3  al  of  watar  wara  addad  to  give  a  thick  pasta.  Aftar 
drying  at  120°C  tha  powder  waa  fired  in  an  I3I  ataoaphara  at  930°C 
for  one  hour .  Aftar  cooling  to  rooa  taaparatura  tha  product  Mia 
r aground  to  a  powder  and  than  rafirad  at  1100°  for  one  hour. 
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A  aerie*  of  CdSa  phoaphora  war*  praparad  to  datarnin*  the 
effect  of  praparativa  technique  on  tba  aaiaaion.  General  I lac trio 
Cnayeny  electronic  grade  CdJa  lU-d-4  waa  uniforaly  nixed  aa  aa 
aquaoue  a  lurry  with  FI  char  Cartlfiad  CufCjHjOjJj .IjO  aad  Fairanunt 
Chanloal  Coa  In(l*3j)  j.  Tha  aqueoua  ■  lurry  waa  otw  driad  at  125°C 
Cu  aad  Za  war*  praaant  aa  0.02  aol*  percent  aad  aa  0.09  aola  par* 
cant. 

Za  th*  alaplar  preparation,  tha  oven  driad  CdSa  waa  pack ad 
loto  a  quart*  eruclbla,  covarad  aad  placad  ia  a  larger  quart*  cru- 
eibla  f Iliad  with  flrad  an a  aad  covarad.  Thia  waa  firad  la  a 
■uffla  furnaea  at  1000°C  for  on*  hour  and  than  air  coo lad. 

Tha  CdSa  waa  alao  firad  la  aa  ataoaphar*  of  I]l«  aud 
for  om  hour  at  1000°C.  Tha  CdA*  waa  pa chad  into  a  ana  11  quart* 
tub*  aaalad  at  on*  aad.  Thia  tuba  waa  laaartad  into  th*  far  and 
of  a  t a pa rad  quart*  contraction  tuba  tdiieh  axtaadad  through  two 
Havi-Duty  X lac trie  Co.  furnacaa.  A  quart*  boat  with  AAAACO  •*, 
99.999 %  pur*  *a  waa  atationad  at  tha  naar  and.  Tha  coabuation 
train  waa  purged  with  Mthaaon  ultrapur*  Hydrogen  at  room  tanpara- 
tura  aad  than  inaartad  into  tha  furnacaa  uadar  Hj  flow  with  lta 
CdCa  aad  Bm  portion*  nalntalaad  at  1000°C  and  300°C,  raapactively, 
for  on*  hour.  Tha  tub*  waa  coo lad  to  roon  tanparatura  in  lta  at- 
anaphora  of  hydroqan,  and  than  opened  to  tha  ataoaphar*. 

Zn  another  group  of  phoaphora,  SOX  of  th*  Cd*a  waa  aubati- 
tuted  by  an  equal  aaount  of  MCA  electronic  grad*  Cdt  3J-C-291A. 

Th*  foraulatiuoa  war*  doped,  driad,  and  firad  under  the  condition* 
outlined  for  tha  CdSa  phoaphora. 


4. 4. a  Phosphor  T.it  and  Vvtluatlon 

Th4  phosphors  have  thrss  characteristics  of  particular  in¬ 
terests  tha  axel ting  spectrum,  tha  sod t tad  spectrum ,  and  tha 
radiant  efficiency.  Tha  important  absorption  peaks  of  tha  phesphor 
should  match  wall  tha  ami scion  wavelengths  of  tha  1 a ear  excitation 
source.  Tha  latter  in  tha  case  of  ruby  ia  wall  known  -  694 3A  with 
a  bandwidth  of  lass  than  1A.  Tha  e&issicn  spectrum  of  tha  phoa- 
phors  ware  measured  whenever  possible.  Tha  phosphor  afflciancy , 
perhaps  the  most  important  of  the  three,  was  measured  carefully 
and  accurately. 

I.4i2.1  HvbIm  fuauitluo 

The  sample  phosphers  wara  mounted  on  index  eards.  Tha 
cards  wara  first  coated  with  adhesive  by  using  double  backed  ad¬ 
hesive  tape.  The  phosphor  samples  wara  ground  to  a  powder  and 
than  sprinkled  on  tha  adhesive.  In  this  manner,  tha  phosphor 
was  spread  on  a  flat  surface  in  a  fairly  uniform  manner.  Tha  ad¬ 
hesive  in  no  way  covered  tha  sample,  thus  providing  a  direct 
measurement  of  tha  phosphor  efficiency.  Vo  binding  agents  were 
used  that  might  lntarfere  with  the  basic  phosphor  measurements. 

LLU  flitxulaivx  Bui  Utica 

Ultraviolet  (DV)  illumination  was  provided  by  a  xenon 
flash  tube  which  produced  an  arc  1/4"  in  length  and  1  me  in  width. 
The  exit  hole  in  the  lamp  cover  was  covered  by  a  pair  of  glass 
color  filters  with  a  peak  transmission  at  360  millimicrons  as  shown 
in  Figure  23.  This  filter  was  chosen  because  its  peak  transmission 
is  very  elert  to  tha  wavelength  (347  millimicrons)  corresponding 
•  frequency  doubled  output  or  a  ruby  laser,  a  proposed  source 
for  stimulating  UV  phosphors. 

Tha  flash  tube  was  calibrated  by  means  of  a  direct  com¬ 
parison  technique.  A  photodiode  was  llluadnated  by  the  calibrated 
incandescent  lamp  previously  used  to  calibrate  tha  photometer. 

The  output  for  the  known  input  was  recorded  thereby  calibrating 
the  diode.  The  calibrated  lamp  was  then  replaced  by  the  filtered 
flash  tube  and  the  detector  output  was  again  recorded.  Mince  the 
photodiode  exhibits  linaar  sensitivity  over  the  intensity  range 
observed,  the  flash  tube  brightness  was  determined. 
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The  ultraviolet  phosphor  miurwicti  were  Md«  by  illumi¬ 
nating  the  samples  with  the  calibrated  source  end  detecting  the 
return  signal  with  the  calibrated  photometer.  The  photometer 
aperture  was  masked  with  a  pair  of  color  glvss  filters  exhibiting 
the  tranaadssion  characteristics  shown  in  figure  33.  These  fil¬ 
ters  restricted  the  efficiency  measurement  to  the  infrared  (ZJt) 
region  of  the  spectrum  and  filtered  out  most  of  the  exciting 
light,  allowing  the  re-emission  to  be  measured  directly  rather 
than  as  part  of  a  sum  of  the  bright  illuminating  source  and  the 
naturally  weaker  phosphor  emission. 

The  phosphor  sample  cards  were  «ss«ed  to  radiate  as  per¬ 
fect  diffuse  radiators.  The  range  equations,  derived  in  Section 
3  of  this  report,  were  adapted  for  the  short  distances  involved 
in  these  test  measurements.  These  equations  were  used  to  calcu¬ 
late  the  detector  output  assuming  a  10OX  phosphor  efficiency. 

The  retio  of  the  measured  to  the  calculated  detector  voltages  was 
defined  as  the  phosphor  efficiency. 


The  infrared  phosphor  excitation  was  supplied  by  an  in¬ 
candescent  lamp,  mounted  in  a  parabolic  reflector  with  an 
accompanying  filter  system.  The  filter  consisted  of  a  3  cm 
thick  Mter  filter  and  a  colored  glass  filter.  The  transmission 
characteristics  of  the  filters  are  shown  in  Figures  23  and  24. 

By  using  combinations  with  various  cutoff  color  filters  it  was 
possible  to  roughly  determine  the  wavelength  region  of  maximum 
excitation  efficiency. 

The  XX  excitation  source  was  not  calibrated  since  the 
photometer  could  be  and  was  used  directly,  to  compare  the  excita¬ 
tion  to  the  emission  of  the  phosphor. 


The  geosMtry  of  the  XX  phosphor  measurements  was  similar 
to  that  for  the  OV  phosphors.  The  phosphor  of f iclencv  was  defined 
so  the  ratio  of  the  watts  per  square  centimeter  of  brightness  from 
an  eadttlng  phosphor  to  that  from  a  lossless  diffuse  surface.  The 
former  radiated  a  spectrum  somewhere  between  1  and  2.3  microns, 


tAill*  the  latter  had  the  a  lias  apactrum  aa  tin  lamp, 
card  served  as  the  diffuse  surface. 


A  whit a  Indax 


The  photometer  via  masked  by  a  filter  ayataa  capable  of 
transmitting  all  the  ra-aadttad  wavelangths  but  rejectlaa  all  the 
lamp  output  spectrum.  With  thia  filter  In  place,  the  pboapbor 
amission  vaa  Manured  by  the  pbotoaatar.  The  filtert  ware  than 
removed  and  the  phosphor  replaced  by  an  indax  card.  The  photometer 
output  for  the  exciting  and  emitting  apectruu,  in  coabinatlon  with 
knowladga  of  the  filtar  charaetariatica  lad  to  a  direct  measure* 
mant  of  the  phosphor  efficiency.  The  photometer  filters  consisted 
of  a  silicon  window  and  interference  filters,  the  combination  ex¬ 
hibiting  the  transmission  charaetariatica  shown  in  Flours  25. 


,,  J*  i#  n#cV**ry  that  ***•  «i»«lon  spectrum  of  the  phosphor 
lie  within  a  useable  window  in  the  atmosphere.  X/,  in  addition, 
the  emission  bandwidth  is  narrow,  then  the  aigaal-to-noiae  can  be 
i^xrwred.  the  aadssion  characteristics  of  proadaing  phosphors 
pr*P*r*d  ^  the  Phosphor  Group  were  determined  using  the  fluores¬ 
cence  attachment  for  the  Perlman  0K-2A  spectrophotometer.  The 
data  obtained  served  not  only  to  determine  the  usefulness  of  the 
Ptoosphor ,  but  provided  information  for  guiding  the  phosphor  devel— 


Figure  26,  27,  and  28  show  the  infrared  fluorescence 
spectra  of  Cd*(Ag,V) ,*n*(Cu,V)  and  CdSe  (Cu.Xn).  The  spectra 
are  fairly  narrow,  iddcb  is  helpful  in  di at ingui thing  the  return 
signal  from  background.  Figure  29  shows  the  fluorescence  spectra 
of  Cd*e(C«,  In)  and  Cd*e-Cd*(Cu,2n) ,  both  for  the  seme  excitation 
source.  It  is  seen  that  the  CdSe-CdJ  phosphor  is  more  efficient. 
Fluorescence  date  on  the  Cd8e  system  is  not  yet  available,  so  that 
it  la  difficult  to  fully  assess  the  significance  of  these  eurvea. 

The  characteristics  of  the  most  proadaing  XX-XX  phosphors 
•rs  as  follows: 
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■o  tests  were  made  to  determine  vhsthsr  say  of  ths  phosphors 
had  toxic  properties.  Zt  is  probabls  that  had  will  prove  to  be 
harmless;  CdS  aay  be  a  problem.  Anise 1  tests  will  have  to  be  per¬ 
formed  to  determine  the  actual  toxic  ha sard  of  promising  phosphors. 


A  relatively  small  effort  was  made  on  the  phosphor  dissemi¬ 
nation  problem.  Since  the  types  or  compositions  of  suitable  phos- 
phore  were  not  known,  it  wee  only  possible  to  make  an  exploratory 
study.  Both  inorganic  and  organic  phosphors  wore  considered. 

The  problem  of  disseminating  an  organic  phosphor  ie  consid¬ 
erably  easier,  since  the  phosphor  can  be  dissolved  in  a  suitable 
solvent.  A  resin  or  adhesive  materiel  can  be  added  to  the  solution 
to  aid  in  tbs  fixation  of  ths  phosphor  to  the  individual.  Plaeanl- 
nstloo  of  the  liquid  can  be  carried  out  by  avei table  disseminators 
such  as  the  DBA*  AS4ST-3  or  the  Army  Interim  Defoliant  System. 

A  series  of  experiments  wars  carried  out  in  which  e  1% 
solution  of  an  organic  phosphor  was  made  in  various  resin  solutions. 
Polyvinylpyrrolidone  homopolymers  and  copolymers  of  ethyl  acrylate, 
styrene  and  vinyl  acetate  were  obtained  from  the  General  Aniline 
and  film  Oorp.  The  co-m«nomsr  presence  tended  to  mddify  the 
aqueous  solubility,  flexibility  and  tackiness  of  ths  film.  Ths  PVP 
resins  are  available  as  emulsions,  alcoholic  end  aqueous  solutions 
end  solids.  All  PVP  resins  that  wsxj  formulated  yielded  good 
films.  They  included  Polectron  130,  Polactron  430,  To lac tr on  B25, 
K-13  m,  WO  rv»  and  1-333. 


Th 


sicriT 

A  typical  formulation  consisted  oft 

0.3  g.  Blaccophor  BV  solution 

2.0  ml  Polsctron  130  (copolyaar  emulsion) 

2S0  ml  830 

230  al  Xaopropenol 

Blanchophor  la  •  ultravlolat  excited  phosphor  emitting  In 
ths  blue.  Although  not  suit eh Is  as  a  marking  agent,  it  served  aa 
a  con rani ant  organic  tast  phosphor.  Tha  above  formulation,  uhan 
applied  to  skin ,  produced  a  thin  fila  Wiich  exhibited  strong 
f luoraacanea . 


poraulations  containing  an  inaolubla  inorganic  phosphor 
separated  out  rapidly  on  standing.  Hovevsr ,  ballmilling  rastorad 
tha  disparaion  uhleh  yielded  f luoraacant  films  uhan  usad  before 
settling  occurred. 

Tha  Aery lo id  resins  are  polymers  of  tha  asters  of  acrylle 
and  nethacryllc  acids  and  can  be  obtained  as  solids,  or  dissolved 
in  organic  solvents  by  tha  Xoha  and  Baas  Co.  Tha  Khoplax  resins, 
also  nada  by  Bohai  and  Baas,  are  aguaous  emulsions  of  acrylio 
polymers  with  functional  groups.  These  polymeric  resins  are  re¬ 
sistant  to  wl  <er  and  alcohol  solvents  and  produce  harder  and 
tougher  films  than  tha  polyvinylpyrrolidone  group.  Acryloid  B-B2 
and  Bhoplaat  AC-33  ware  formulated  with  IX  phosphor  and  aguaous 
iso propanol  solvents  to  give  films.  On  standing  the  phosphor 
settled  out  rapidly. 

Acrylic  emulsions  CL-300  and  CL-304  and  a  copolyner  Vinyl 
Acrylic  emulsion  CL-222  wars  obtained  from  the  Celanese  Corp.  Tor¬ 
s'.:  1st!  "x  vsrs  prepared  with  these  emu ia ions  to  give  films.  Zt  was 
found  that  settling  of  the  inorganic  phosphor  in  ths  following  for¬ 
mulation  occur ed  slowly  over  several  hours. 

1.0  grams  Sylvan! a  143 
13.0  grama  Cl-304 
73.0  ml  Xso propanol 


The  Shawinigan  Basins  Corp.  furnished  Oslva  Polyvinylace- 
tate  homo polymers  sod  copolymers  as  a  solid,  solution  or  emulsion . 
Tha  films  obtained  ware  not  as  bard,  tough  or  water  resistant  as 
the  acrylic  films.  Formulations  were  prepared  from  Oelya  V-7 
homo polymer  and  Oslva  C-3V-10  and  C-5V-10  copolymer  resins. 
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Tha  praparatlon  of  a  •  tab  la,  non- rattling  liquid  diaparsion 
of  2aS,  CdS  or  similar  inorganic  phosphors  will  raqulra  a  dsvsirp- 
■ant  study.  Zt  may  ba  mors  dssirabla  to  diapursa  tbass  phosphors 
from  a  solid  typa  disssailnstor.  Both  approachas  should  ba  conald~ 
arad. 

4i4.fi  Ui«{  tecJLmiaa  at  tbtu atom 

A  CaM4  (»d3*)  lasar  was  usad  to  axcita  a  phosphor  samp  la 
card.  tfca  phosphor  chosaa  was  fc»*(Cu,V) .  Tha  ratum  signal  from 
tha  phosphor  was  datactad  by  tha  photoawtar  and  tha  output  dis- 
playad  on  a  Taktronix  S5S  dual  baaa  oscilloscopa.  Tha  rasulta 
ars  shown  in  Pigurs  30.  An  analysis  of  tha  data  shows  that  tha 
raturn  signal  was  of  tha  ordar  of  nagnituda  pradlctad  by  tha 
pravioua  photoawtar  axpariawnts  with  a  filtarad  xanon  flash  tuba 
sarving  as  a  sinulatad  lasar  sourea  of  1.0ft  micron  radiation. 


OTP**  TRACS:  La  Mr  Irradiating  Signal  (1.06  Microns) 
UX*A  TRACS:  Return  Signal  Proa  Inactive  Whit#  Panel 


OTPS*  TRACS:  Later  Irradiating  Signal  (l.OS  Micron*) 
LOME*  TRACS:  Return  Signal  Proa  White  Panel  Coated  With 
Infrared  Phosphor 

figure  30.  CaW04  (Md3*)  Excitation  of  a  Phosphor 


ill 

5.  gathwr  am  comauaM 


The  analysis  tad  axperimental  data  ahow  that  tha  Zaoatat 
itrUti]  aad  detection  systaa  la  fsaalbls.  A  brief  auxaary  of  the 
aallaat  raaulta  and  acconp 11 shaen t a  follows! 


&JL  iyitta  rnmnnmtA 

tha  aactor  point  narking  ay a tea  la  conpoaad  of  a  phosphor, 
a  phoaphor  dlasanlnator ,  an  optical  transmitter  aad  an  optical 
receiver . 


SulxX.  ItBMBtieZM 

Three  infrared  emitting  phosphors  with  characteristics 
aul table  for  uae  aa  a  narking  agent  were  developed  during  the 
atudyj  Cd  •  (Cu) ,  Zn  •  (Cu,  V)  and  Cd  •  (Cu ,  V).  Theae  aanplea 
exhibited  radiant  efflcienclea  of  two,  four  and  five  percent, 
reepectively . 


The  excitation  of  a  ft*,  t  (Cu,V)  phoaphor  panel  by  a  CaWOq 
(fd3+)  laaer,  and  the  detection  of  the  Infrared  emission  fron  the 
phoaphor  waa  aucceaefully  denonatrated  in  the  laboratory  aad  con¬ 
fine  the  analytical  analysis. 


T.l-t 


P1»— Initloa  si  tbeutesM 


An  exploratory  atudy  wee  nade  of  the  problems  of  dlaaenlna- 
tlng  phoaphora  waitable  for  uae  aa  marking  ageate.  Conaldarable 
further  wrX  ia  needed  to  develop  atable,  non-seWHny  liquid  dl«- 
peraiona  of  inorganic  phoaphora  auch  aa  Inf  or  Cdfl,  that  could  ba 
dlaa—lnatsd  with  diaeeainators  already  developed.  Zt  nay  be 
more  desirable  to  disseminate  theae  phoaphora  in  dry  form. 

AJLal  SstXsMl L  aaaniUtfg. 

The  only  known  Been a  for  achlaving  a  beaa  of  aufficiantly 
high  intenalty  with  suitable  colllMtion  ia  a  laaer.  The  various 
laser  characterlatiea  auch  aa  pulaa  rapatitlon  rata,  optical  pumping, 
laaer  peek  power,  optical  dan age,  optical  cavity,  cooling  require* 
Bent,  and  type  of  laser  aaterlal  were  intensively  studied.  A  lab¬ 
oratory  laser  wee  built  to  help  verify  and  optimise  design  cone »pta. 
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A  CsWO^  (Hd3*)  or  noodymiua  9U11  laser  has  bean  show)  to 
be  a  suitable  radiation  source  for  the  airborne  weapons  system  under 
study.  Uhlta  capable  of  producing  one-half  tooie  megswett  pulses 
at  pulse  repetition  reteeup  to  fifty  pulse  per  second  can  be 
reliably  achieved. 

An  optical  transmitter  for  close  on-ground  covert  in¬ 
spection  of  personnel  could  utilise  either  a  laser  or  a  filtered 
flash  lamp. 

AJLA  ggtlfiAl  LKtlvti 

A  suitable  receiver  would  have  a  catadioptrio  optical 
system  with  a  clear  aperture  of  from  sin  to  ten  Inches  depending 
upon  the  application.  The  detector  would  be  a  photo  conductive 
cell  with  a  detectivity  0*  of  up  to  1013  ca  (cpaJ^'Vwett. 

Sul t  jYIttl  SbMSaStMldMiXSA 

The  characteristics  of  the  system  were  analysed  in  lection 
3.  ly  combining  the  equations  from  the  systea  analysis  with  the 
experisantal  results,  the  characteristics  of  a  feasible  state-of- 
the-art  weapons  systea  for  marking  and  detection  oan  be  evaluated. 

A  projection  is  also  made  of  the  systea  performance  that  can  be 
expected  in  the  asset  five  years  by  a  reasonable  extrapolation  of 
the  characteristics  of  the  critical  system  components. 

The  systea  parasMters  are  given  below  with  the  calculated 
system  characteristics l 

A«  ■  200  cm3 

©e  .  iol2  cafcpe) 3/3/wett 
l/fe  >  3 
13°  f#  •  1 

4°  T  e  10~«  sec 

V  m  300  knots 

Sim  •  1300  feet 
(VdOau,  •  3  sec'l 
•  20  feet 

These  are  typical  numbers  and  show  that  the  systea  is  operable 
from  the  deck  to  1300  feet.  The  (7.^1)  limitation  means  that  the 
systea  is  limited  to  300  knots  at  100  fasti  400  knots  at  200  feet, 


7> 


Kl  -  i%  efficient 
P.P  •  0.3  sage watts 

t  m  0.02  sec 

#  •  0.2  radian  approx. 

•  •  0.1  radian  approx. 
©O  e  23  ca 
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4o <3  co  linearly  op  to  3600  knots  4t  1300  foot.  Th#  path  width  is 
20  foot  at  100  foot  and  incroaaoa  liooorly  with  oltitudo  to  260 
foot  4t  1300  fooc.  Zt  should  bo  notod  that  tho  syataoi  works  wall 
at  any  velocity  below  those  stated,  at  lowat  altitudes  tho  signal 
to  noise  ratio  ia  higher,  for  a  300  knot  aircraft,  tho  system 
ia  operable  anywhere  from  100  foot  to  1300  foot. 

An  outstanding  faatura  of  tho  system  ia  tho  capability 
that  it  gives  a  high  performance  aircraft,  ouch  as  an  P-104 ,  to 
examine  a  200  foot  wide  swath  of  terrain  at  top  speed  from  1000 
foot.  This  aircraft  could  also,  with  tho  same  ay atom  anc  no 
adjustments,  slow  down  to  300  knots  and  chock  out  a  20  foot 
swath  from  100  foot  up. 


the  projected  system  parameters  are 


K,  •  SOX  efficient  A 

P.t  ■  SO  swgawatta  D* 

t  •  .003  sec.  S/ll 

4  ■  0.2  rad  approx.  12°  f# 

•  «  0.005  rad  approx.  .2P  T 

K.  a  35  cm  V 


■  200  cm* 

a  10» 

•  s 

a  .  1 

■  10“*  sac 

■  aach  1 


I _  -  22 ,400  fast 

(V/tOmu  -  11  (aoo-1) 
Whin  •  20  feet 


The  (V/to)  value  is  twice  what  it  waa  previously.  This 
means  the  vehicle  could  operate  at  Mach  1  at  100  fast  while 
examining  a  20  coot  swath.  The  unit  will  remain  in  operation 
up  to  10,000  foot  altitude#.  This  ayetea  should  satisfy  most 
mission  requirements. 


The  values  used  for  •  end  4  eon  be  changed  to  suit  the 
particular  application.  Increasing  •  and  4  increases  the  value 
of  the  (V/fe)  ratio  end  the  path  width,  respectively.  At  the  same 
time  these  increases  lower  the  systam  ceiling.  The  values  chosen 
as  typical  values  should  not  ha  considered  to  be  limits. 


Thu  of  tha  Zaomet  eector-point  airborna  mar¬ 

king  and  detection  system  la  considered  highly  promising,  and 
warrants  a  substantial  advincad  dava lcp&ant  program.  Tab)*  11 
indlcataa  the  logical  sequence  of  phaaaa  and  time  achadullng  ragulrad 
to  lead  to  a  final  weapons  system.  Phaaa  1  rafara  to  the  feaaibil- 
Ity  atudy  described  In  thin  report. 

Xt  la  recommended  that  tha  next  effort  conalat  of  two  con¬ 
current  phaaaa.  Phaaa  2  comprise*  tha  daalgn  and  conatructlon  of 
a  prototype  to  demonstrate  tha  faaalblllty  of  tha  syalem  ualng  an 
operational  aircraft.  Phaaa  3  ia  a  continuing  raaaarch  and  devel¬ 
opment  effort  designed  to  optimise  cha  aubayateaa  and  to  improve 
tha  overall  system  capabilitlaa.  Phaaa  3  woulJ  inaura  that  tha 
etate-of-tha-art  would  be  advanced  while  tha  prototype  la  being 
built. 

fill ,  amjaULJUMJauuM-flft  txstxatxaa. 

Zn  order  to  damonatrata  tha  faaaibility  of  tha  ayataa  it 
ia  propoeed  that  a  flyable  prototype  be  built  embodying  tha  con¬ 
cepts  daacrlbad  above.  Till a  prototype  will  be  capable  of  detec¬ 
ting  marked  object a  or  peraonnel  in  a  search  euath  on  tha  ground 
from  an  aircraft  moving  at  velocities  up  to  300  knote.  This  swath 
will  be  approximately  80  feat  wide  at  a  200  foot  aircraft  altitude. 

fi«l.  Emullid  Chisacttrlitisj  at  fratotypa 

The  airborne  prototype  will  kwni*<.  of  three  basic  units t 
tha  tranaadtter ,  tha  receiver  and  the  cine  camera.  These  elemanta 
are  shown  ia  tha  block  diagram  in  Figure  31. 

Tha  transmitter  will  be  a  Q-swltrhed  laser  with  a  field  of 
view  of  3°  x  20°.  Zts  output  characteristics  will  be  adeguata  to 
provide  a  detectable  return  from  phosphors  having  an  equivalent 
area  of  200  aa3. 

The  receiver,  which  detectr  the  radiation  aadtted  from  the 
phosphor,  will  consist  of  an  optical  system  which  will  focus  the 
invisible  radiation  from  the  phosphor  onto  a  photoconductlve  detec¬ 
tor.  The  receiver  sensitivity  will  be  essentially  limited  by  the 
etate-of-the-art  capabilitlaa  today. 


Head-out  for  the  prototype  will  bo  provided  by  a  16  mi 
cino  cwri  bo  r salted  to  tha  trim  emitter .  Thia  camera  will  provide 
a  pictorial  record  of  tha  tarsain  undar  aurvaillanca.  Zt  will 
sarva  to  corralata  datactad  marked  objacta  with  tha  tarrain  being 
photographed .  Locatad  in  tha  cina  camera  will  ba  a  small  naon  bulb 
which  will  ba  flaahad  aach  time  a  vat urn  is  datactad  by  tha  racaivar. 
This  flash  will  illuadnata  a  portion  of  tha  films  thus  identifying 
tha  fraiMs  which  contain  marked  objects. 

Auxiliary  equipment  will  consist  of  apscial  power  supplies 
and  electron!'  equipment  necessary  for  tha  operation  of  tha  proto¬ 
type.  Thia  equipment  will  ba  packaged  so  as  to  utilise  existing 
cargo  tie-downs  in  tha  aircraft.  lackaging  will  ba  such  that  mini- 
aum  modification  to  an  aircraft  will  ba  necessary  for  tha  installa¬ 
tion  of  tha  prototype. 

Tha  input  power  requirement  will  ba  approximately  1  KVA. 

T.t  is  expected  that  such  a  power  level  will  ba  available  from  the 
aircraft  supply  during  flight,  and  from  a  gasoline-powered  motor- 
generator  sat  during  ground  check  out  and  test. 

6.3  tutiuci  Itfort  asraafl  Ham  2-tal  3 

After  tha  satisfactory  demonstration  in  tha  field  of  tha 
ffmommt  marking  and  detection  system,  tha  Information  gleaned  from 

S  bases  2  and  3  can  than  ba  utilised  to  design  and  build  a  high  per- 
ormance  prototype  for  flight  tests  and  evaluation  of  tha  entire 
System.  Successful  conclusion  of  Phase  4  would  than  lead  tha  way 
to  tha  production  of  operational  weapon  eyetsms. 
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